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O1 - Development of 3ʹ-Deoxy-3ʹ,4ʹ-didehydro-nucleoside
Phosphoramidite Prodrugs as Novel Antiviral Agents

1. Nucleoside Chemistry 
Samantha A. Kennelly1 , Jacob Sawyer2, Haley S. Caldwell3, Jamie J. Arnold4, Kellan T.
Passow1, Craig E. Cameron4, Alexander T. Ciota3, Daniel A. Harki1, 2 
1 Department of Medicinal Chemistry, University of Minnesota, Minneapolis, Minnesota
55455, United States.
2 Department of Chemistry, University of Minnesota, Minneapolis, Minnesota 55455, United
States.
3 Department of Biomedical Sciences, State University of New York at Albany School of
Public Health, Albany, New York 12144, United States; The Arbovirus Laboratory,
Wadsworth Center, New York State Department of Health, Slingerland, New York 12201,
United States.
4 Department of Microbiology and Immunology, University of North Carolina School of
Medicine, Chapel Hill, North Carolina 27599, United States.

The ongoing COVID-19 pandemic has underscored the need for the continued development
of potent and safe broad-spectrum antiviral agents. Nucleoside analogues have been a
tremendously successful platform for developing novel therapeutic molecules for viral
infections. Recently, it was discovered that the antiviral protein viperin catalyzes the
formation of a nucleotide analogue, 3ʹ-deoxy-3ʹ,4ʹ-didehydro-cytidine-5ʹ-triphosphate
(ddhCTP), which incorporates into viral genomes and terminates genomic replication to
confer antiviral effects.1 Strikingly, viperin activation results in broad-spectrum activity
against both RNA and DNA viruses; and ddhCTP, an endogenous molecule, has no obvious
toxicity to human cells. Unfortunately, ddhCTP is not cell permeable which necessitates the
development of more translationally viable analogues of this molecule. Here we report a
series of nucleoside prodrugs (ProTides) comprised of nucleosides bearing 3ʹ-deoxy-3ʹ,4ʹ-
didehydro sugar modifications to allow for cellular uptake and metabolic activation in cells
into their corresponding 5ʹ-monophosphate metabolite. Further metabolic activation to the
corresponding 5ʹ-triphosphates is expected to confer broad-spectrum antiviral agents. Our
progress towards the development of these compounds will be presented. 
Selected references 

1. Gizzi, S. A., Grove, T. L., Arnold, J. J., Jose J., Jangra, R. K., Garforth, S. J., Du, Q., Cahill, S. M., Dulyaninova, N. G., Love, J. D.,
Chandran, K., Bresnick, A. R., Cameron, C. E., Almo, S. C. Nature, 2018, 558, 610-614.
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O2 - Fluorescent nucleoside analogues for single-molecule
biophysics and for metabolic labeling of RNA

1. Nucleoside Chemistry 
Byron Purse1 
1 Department of Chemistry and Biochemistry and the Viral Information Institute, San Diego
State University, 5500 Campanile Dr, San Diego, CA, USA

Fluorescent nucleoside analogues provide unique capabilities for studying structural and
dynamic features of nucleic acids central to the control of gene expression and other
functions in metabolism. Many labs have contributed to a toolkit of fluorescent surrogates
for all of A, T/U, C, and G, but significant limitations of these probes still constrain
applications. Almost all are an order of magnitude less bright than any common Alexa fluor,
few absorb with λmax > 400 nm or emit with λmax > 520 nm, and most are quenched by
base pairing and stacking. With these limitations, single-molecule fluorescence studies
using nucleobase analogue fluorophores are in their infancy. To address this limitation, we
designed and synthesized a new fluorescent nucleoside analogue that we name ABN. It
features a push–motif reminiscent of bright, conventional fluorophores and exhibits ε440 =
20,000 M−1 cm−1 and Φem,550 = 0.39 in 1× PBS buffer, increasing to Φem,550 > 0.50 in
duplex DNA. ABN is readily detected in single-molecule TIRF microscopy as a free
nucleoside and when base paired and stacked in duplex DNA, offering many potential
applications. In a collaboration with the lab of Prof. Ralph Kleiner, we have examined
fluorescent nucleoside analogues in metabolic labeling of RNA. By using HeLa cells that
overexpress the pyrimidine salvage pathway kinase UCK2, we show that selected
fluorescent pyrimidine analogues can be metabolically incorporated into nascent RNA,
allowing RNA trafficking and stress responses to be visualized and studied in living cells,
without the requirement for fixation, permeabilization, and staining. 
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O3 - A Novel Type of Universal Solid Supports for Oligonucleotide
Synthesis

2. Oligonucleotide Design And Chemistry 
Andrei Guzaev1 , Khirud Gogoi1, Suzie Sheng1, Harri Loennberg1 
1 AM Chemicals LLC

Abstract
Since their introduction in 2003, universal solid supports of 7-oxabicyclo[2,2,1]heptane
family [1] became a widely accepted tool in the synthesis of oligonucleotides. Herein, we
present a novel type of universal supports based on a different scaffold. As compared with
the best commercial examples, the novel support affords a substantial improvement in the
rate of the cleavage of the universal linker from synthetic oligonucleotides via the 3'-
dephosphorylation. 
Selected references 
1. Guzaev, A. P. Manoharan, M. J. Amer. Chem. Soc. 2003, 125, 2380.
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O4 - Evolution of Functionally Enhanced TNA Aptamers

2. Oligonucleotide Design And Chemistry 
John Chaput1 
1 University of California, Irvine

Synthetic genetic polymers (XNAs) have the potential to transition aptamers from
laboratory tools to therapeutic agents, but additional functionality is needed to compete
with antibodies. Here, I will describe the evolution of a biologically stable artificial genetic
system comprised of a-L-threofuranosyl nucleic acid (TNA) that facilitates the production of
backbone- and base-modified aptamers that function as high-quality protein capture
reagents. TNA aptamers were discovered against two prototypical protein targets
implicated in human diseases through a combination of in vitro selection and next-
generation sequencing using uracil nucleotides that are uniformly equipped with aromatic
side chains commonly found in the paratope of antibody-antigen crystal structures. Kinetic
measurements reveal that the side chain modifications are critical for generating aptamers
with slow off-rate binding kinetics. These findings expand the chemical space of evolvable
non-natural genetic systems to include functional groups that enhance protein target
binding by mimicking the structural properties of traditional antibodies.    
Selected references 
1. McCloskey CM, Li Q, Yik EJ, Chim N, Ngor AK, Medina E, Grubisic I, Co Ting Keh L, Poplin R, and Chaput, JC
Evolution of functionally enhanced TNA aptamers, ACS Synthetic Biology 2021, 10, 3190–3199.

2.  Li Q, Maola VA, Chim N, Hussain J, Lozoya-Colinas A, and Chaput, JC Synthesis and polymerase recognition of threose nucleic acid
triphosphates equipped with diverse chemical functionalities, Journal of the American Chemical Society 2021, 143, 17761–17768.
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O5 - First time use of core-shell type PS-PEG resin for
oligonucleotide synthesis

2. Oligonucleotide Design And Chemistry 
Luis Miguel Menéndez Méndez 1 , Carme Fàbrega2, 3, Ramón Eritja2, 3, Yogesh S.
Sanghvi Sanghvi4, Yoon-Sik Lee5, Susana Fernández1, Miguel Ferrero1 
1 Departamento de Química Orgánica e Inorgánica, Universidad de Oviedo, 33006-Oviedo
(Asturias), Spain
2 Dpt. Chemical & Biomolecular Nanotechnology, Institute for Advanced Chemistry of
Catalonia (IQAC), CSIC, 08034-Barcelona, Spain
3 CIBER-BBN Networking Centre on Bioengineering, Biomaterials and Nanomedicine, 08034-
Barcelona, Spain
4 Rasayan Inc., 2802 Crystal Ridge Road, Encinitas, CA 92024-6615, USA
5 School of Chemical & Biological Engineering, Seoul National University, Seoul 151-744,
Republic of Korea

The development of highly efficient and inexpensive solid supports remains a challenge in
oligonucleotide chemistry field. Since current commercial solid-supports are expensive,
core-shell resins appears as support of choice. Until now, these types of resins have been
only used in the solid-support peptide synthesis. They are core−shell-type polymer beads in
which functional groups are mainly distributed on the outer surface of the resin. The
core−shell structure was designed to overcome the diffusion problem of reagents and for
increased accessibility. In addition, the method for preparing the resin is robust, can be
easily and inexpensively prepared from aminomethyl polystyrene resin.1 The resulting resin
possesses good swelling properties and a clear core−shell-type structure which can be
easily controlled and reproduced.

Here, using a stepwise approach, we show for the first time the application of these resins
to solid-support oligonucleotide synthesis. To test the methodology, we compared the
yields and purities of the oligonucleotides prepared with other solid-supports of reference,
such as universal CPG-500 (CUTAG), Standard CPG-500-dN or NittoPhase-dN. The first step
consisted in the manual preparation of the following tetramers: 5’-T-T-dA-dC-3’, 5’-dG-T-dC-
dA-3’ and 5’-dG-dA-T-dC-3’ using the three resins of reference in addition to two new core-
shell resins PEG-024 and PEG-029 from BeadTech (Korea) shown in Figure 1. Once
optimized, we continue the study with the synthesis of oligonucleotides in a DNA-
synthesizer using the five different solid supports and we analyzed their yields and purities.
We found excellent results with these new resins. 
Selected references 

1. H.-J. Cho, T.-K. Lee, J. W. Kim, S.-M. Lee, Y.-S. Lee, J. Org. Chem. 2012, 77, 9156−9162.
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O6 - Hit finding and optimization of antisense oligonucleotide
therapeutics – How can me make this process more precise and
efficient?

2. Oligonucleotide Design And Chemistry 
Anders Dahlén1 
1 Director Oligonucleotide Chemistry, Discovery Sciences, AstraZeneca R&D Gothenburg

Abstract
Small molecules are usually designed to interact with a protein of interest in a 3-
dimensional setting. Antisense oligonucleotides (ASOs) on the other hand can theoretically
be designed in a 1-dimensional setting, i.e., technically it is enough to ensure that
complementary binding is occurring to have a potential on-target effect. However, this way
of designing ASOs is far too unsophisticated for larger (pre-)mRNAs since the number of
oligos that would have to be synthesized can be in the order of 104-105. Additionally, most
oligos would likely be either poorly potent or have undesired properties, such as caspase
activity, proinflammatory properties, complement activation, or unselective binding to
multiple targets.

In this presentation a more advanced Hit finding and Optimisation procedure for ASOs will
be disclosed that will increase the chances of finding potent and safe ASOs in an efficient
manner.

Keywords: Antisense, Hit finding, optimisation, potency, safety 
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O7 - Nucleoside analogues with a seven-membered sugar ring:
synthesis and application in CRISPR-Cas gene editing systems

2. Oligonucleotide Design And Chemistry 
SUNIT KUMAR JANA1 , Sruthi Sudhakar2, Seth Eddington3, P. I. Pradeepkumar2, Keith
Gagnon3, Masad J. Damha1 
1 Department of Chemistry, McGill University, 801 Sherbrooke Street W., QC, Canada H2A
0B8
2 Department of Chemistry, Indian Institute of Technology Bombay, Mumbai 400076, India.
3 Department of Chemistry and Biochemistry, Southern Illinois University, Carbondale, IL,
USA

Replacement of five member furanose rings of canonical nucleic acids (DNA/RNA) by seven
member oxepane ring results Oxepane Nucleic Acids (ONA).1,2 Recently our group reported
that ONA nucleotides linked via 3’-7’ and 4’-7’ linkages are well accommodated at internal
positions of DNA:RNA hybrids, providing an opportunity to exploit these modifications in
therapeutic oligonucleotides (Figure 1). 

In this presentation, we will highlight new approaches for synthesizing oxepane
nucleosides, with emphasis on the stereoselective installation of the N-glycosidic bond, as
well as hydroxyl groups at 3’ & 4’ positions.  We will also present the synthesis of single
guided RNA containing ONA modifications and how they can be exploited to probe sgRNA-
CRISPR-Cas 12 interactions critical for effective gene editing in cell cultures.3    
Selected references 

Jana, S. K.; Harikrishna, H.; Sudhakar, S.; El-Khoury, R.; Pradeepkumar, P. I.; Damha, M. J. Nucleoside Analogues with a
Seven-Membered Sugar Ring: Synthesis and Structural Compatibility in DNA−RNA Hybrids. J. Org. Chem. 2022, 87, 2367-
2379.
Sabatino, D.; Damha, M. J. Oxepane Nucleic Acids: Synthesis, Characterization, and Properties of Oligonucleotides Bearing a
Seven-Membered Carbohydrate Ring. Am. Chem. Soc. 2007, 129, 8259-8270.
Ageely, E. A.; Chilamkurthy, R.; Jana, S.; Abdullahu, L.; O’Reilly, D.; Jensik, P. J.; Damha, M. J.; Gagnon, K. T. Gene editing with
CRISPR-Cas12a guides possessing ribose-modified pseudoknot handles. Nature Commun. 2021, 12, 6591-6606.
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O8 - Potent Inhibition of SARS-CoV-2 cap N7- and 2'-O-
methyltransferases (nsp14 & nsp16) by sulfonamide-based
nucleoside analogues or 5'-cap modified RNAs

3. Nucleoside Bioactivity 
Rostom Ahmed-Belkacem1 , Marcel Hausdorff1, Adrien Delpal2, Priscila Sutto-Ortiz2, Bruno
Canard2, Etienne Decroly2, Jean-Jacques Vasseur1, Francoise Debart1 
1 IBMM, University of Montpellier, Montpellier, France
2 AFMB, University of Aix-Marseille, Marseille, France

Enzymes involved in RNA capping of SARS-CoV-2 are essential for the stability of viral RNA,
translation of mRNAs, and virus evasion from innate immunity, making them attractive
targets for antiviral agents. Specifically, N7-guanine methylation of the viral mRNA cap
plays a key role in the translation of viral RNA into proteins, and 2’-O-methylation is
essential to avoid induction of type I interferon. Furthermore, inhibition of the N7-guanine
methyltransferase (N7-MTase) (SARS-CoV-2 nsp14) blocks the enzymatic cascade of viral
RNA methylations, as the 2'-O-MTase (nsp16) only recognizes N7-methylated cap
substrates. Therefore, these crucial, yet uncommon and under-explored enzymes seemed
enticing targets to us for the development of antiviral therapies. Before the emergence of
SARS-CoV-2, our group had pioneered the synthesis of selective inhibitors targeting the
SARS-CoV nsp14 N7-MTase using dinucleosides as mimetics of the S-adenosyl-L-methionine
(SAM) that is the methyl donor in the N7-methylation of the cap.1-2 Next, we focused on the
design and synthesis of nucleoside-derived inhibitors against the SARS-CoV-2 nsp14 N7-
MTase. Seven compounds out of 39 SAM analogues showed remarkable double-digit
nanomolar inhibitory activity against the N7-MTase nsp14.3 Molecular docking supported
the structure–activity relationships of these inhibitors and a bisubstrate-based mechanism
of action. The three most potent inhibitors significantly stabilized nsp14 (ΔTm ≈ 11 °C), and
the best inhibitor demonstrated high selectivity for nsp14 over human RNA N7-MTase. 
To target 2’O-MTases, we developed another approach with modified cap-
oligoribonucleotides (ORN) containing bisubstrate nucleoside analogs mimicking the
transition state of the 2’O-methylation of the RNA. 
Selected references 
1. Ahmed-Belkacem, R.; Sutto-Ortiz, P.; Decroly, E.; Vasseur, J. J.; Debart, F., Eur. J. Org. Chem. 2019, 6486-6495.
2. Ahmed-Belkacem, R.; Sutto-Ortiz, P.; Guiraud, M.; Canard, B.; Vasseur, J.-J.; Decroly, E.; Debart, F., Eur. J. Med. Chem. 2020, 201,
112557.
3. Ahmed-Belkacem, R.; Hausdorff, M.; Delpal A.; Sutto-Ortiz, P.; Colmant, A.; Touret, F.; Ogando, N.; Snijder, E.; Canard, B.; Vasseur,
J.-J.; Coutard, B.; Decroly, E.; Debart, F., J. Med. Chem. 2022,    doi.org/10.1021/acs.jmedchem.2c00120
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O9 - Telomerase-Driven Telomeric DNA Modification in Cancer Cells
Leads to Efficient Induction of cGAS-mediated Innate and Adoptive
Immune Responses

3. Nucleoside Bioactivity 
Sergei Gryaznov1 , Jerry Shay2 
1 Maia Biotechnology, Inc., Chicago, IL
2 University of Texas, Southwestern Medical Center, Dallas, TX

Telomeres and telomerase in cancer cells are highly attractive targets for specific anti-
tumor therapies, since telomerase is almost universally expressed in cancer cells, but not
in majority of normal counterparts.

In this presentation we summarize an unexpected, yet promising, property of a modified
nucleoside - 6-thio-2’-deoxyguanosine (6-thio-dG; THIO), as a potential anticancer agent. In
cells THIO is converted into the corresponding 5’-triphosphate, which is a substrate for
mammalian telomerase. Incorporation of this compound, by telomerase, into de novo
synthesized cancer cell telomeres leads to induction of DNA damage responses and
apoptosis. Importantly, the cancer cell death occurs in the telomere length-independent
manner. THIO treatment leads to generation chromosomal bridges and formation of
cytosolic micronuclei structures, containing cGAS/IFN-I pathway neo-adjuvants - the THIO-
modified telomeric DNA fragments. In addition to activation of innate immunity (cGAS
pathway), these in situ produced neo-adjuvants are exported extracellularly and sensed by
host dendritic cells, resulting in cross-priming and tumor-specific T- cell activation.  

Treatment with 6-thio-dG overcomes resistance to immune checkpoint blockade in
advanced in vivo cancer models, leading to profound anticancer effects, and to induction of
tumor type specific long-term anticancer memory in mice. In vivo cancer curative activity
was observed in murine syngeneic models of colorectal and lung cancers when THIO was
used in sequential combination with aPD-L1 agent (atezolizumab).

In summary, our findings demonstrate the importance of cancer cell telomeric DNA
structural and functional integrity, and attractive opportunity to induce stress, increase
innate sensing and adaptive antitumor immunity via “cancer cell self-produced” chemical
modification of telomeres. 
Selected references 
Mender et al., 2020, Cancer Cell 38, 400–411; Mender et al., Cancer Discovery 5(1); 82–95. 
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O10 - A Phase I/II study of NS-089/NCNP-02, Exon 44 skipping drug,
in patients with Duchenne muscular dystrophy

4. Oligonucleotide/Rna Based Therapy 
Yoshitsugu Aoki1 , Eri Takeshita2, Katsuhiko Kunitake1, Takami Ishizuka3, Yuko Shimizu-
Motohashi2, Akihiko Ishiyama2, Masayuki Sasaki2, Chihiro Yonee4, Shinsuke Maruyama4,
Eisuke Hida5, Hirofumi Komaki2, 3, Joel Nordin1 
1 Department of Molecular Therapy, National Institute of Neuroscience, National Center of
Neurology and Psychiatry, Tokyo, Japan.
2 Department of Child Neurology, National Center Hospital, National Center of Neurology
and Psychiatry, Tokyo, Japan.
3 Translational Medical Center, National Center of Neurology and Psychiatry, Tokyo, Japan.
4 Department of Pediatrics, Graduate School of Medical and Dental Sciences, Kagoshima
University, Kagoshima City, Kagoshima, Japan. 
5 Department of Biostatistics and Data Science, Graduate School of Medicine, Osaka
University, Osaka, Japan.

Duchenne muscular dystrophy (DMD), the most common and severe form of muscular
dystrophy, is caused by a mutation in the DMD gene. For DMD, the state-of-the-art is an
exon skipping therapy using an antisense oligonucleotide (ASO), which is prototypical of
advanced precision medicines. NS-089/NCNP-02 is the world’s first exon 44 skipping drug,
theoretically applicable for around 6� of DMD patients. It is phosphorodiamidate morpholino
oligomers that consist of a novel sequence design involving connected ASO targeting
different parts of exon 44 of the DMD and is expected to have a therapeutic effect on DMD.
NS-089/NCNP-02 was administered intravenously every week for 24 weeks on six DMD
patients in Japan to evaluate the safety, pharmacokinetics, dystrophin expression levels
and motor function after the treatment. This study showed the increase in dystrophin
protein expression on western blots to an average of 10.27% of normal in Cohort 1 (Dose:
40 mg/kg) and 15.79% of normal in Cohort 2 (Dose: 80 mg/kg). The North Star Ambulatory
Assessment scores suggested a maintenance or improvement trend in their motor function.
There was no discontinuation of administration due to adverse events during the trials. Our
studies provided critical data on the safety, efficacy and pharmacokinetics of NS-089/NCNP-
02 for subsequent clinical development of NS-089/NCNP-02, with the ultimate goal of
expanding treatment capacity for DMD and other neuromuscular conditions. 

23



O11 - Metabolic stabilization of GalNAc-conjugated siRNA:
application of phosphorodithioates allow for a stereo defined mRNAi
trigger

4. Oligonucleotide/Rna Based Therapy 
Lucas Bethge1 , Judith Hauptmann1, Adrien Weingärtner1, Sophie Shöllkopf1, Marie
Wikström Lindholm1 
1 Silence Therapeutics, Robert-Rössle-Str. 10, 13125 Berlin, Germany

Therapeutic use of cell-specific siRNA conjugates calls for rigorous stabilization of the
conjugate to protect against enzymatic digestion. Suppression of degradation during
circulation, cellular uptake and trafficking are key to effective drugs acting for up to 6
months. Commonly, a replacement of 2’OH-groups by 2’OMe- or 2’F- is combined with the
exchange of phosphodiesters (PO) by phosphorothioates (PS). However, the replacement of
a single non-bridging O- by a S-atom inevitably introduces a stereo centre to the
oligonucleotides. If not controlled, each PS increases the number of diastereomers present
by a factor of two. This impacts not only purification and analysis of PS-modified
oligonucleotides,[1]but for ASOs different diastereomers can introduce altered protein
binding, potency, PK/PD and safety.[2] In siRNA, different diastereomeres have recently
been shown to differ in metabolic stability.[3] Therefore, synthesis of stereo defined PS
linkages has seen a great interest in the field.

The use of phosphorodithioates (PS2) that replace both non-bridging O- by S-atoms
removes undefined stereo centres in the RNA backbone.[4] PS2-internucleotide linkages can
be introduced by the use of phosphorothioamidites during solid phase synthesis.[5] Here we
demonstrate the effect of incorporation of PS2 modifications into GalNAc-conjugated siRNA.
The use for end-stabilization is systematically researched and a mode for the PS->PS2
replacement is demonstrated. The benefit of the replacement is demonstrated by in vitro
and in vivo data. 
Selected references 
[1] V. Metelev, S. Agrawal, Analytical Biochemistry 1992, 200, 342–346. [2] N. Iwamoto, D. C. D. Butler, N. Svrzikapa, S. Mohapatra, I.
Zlatev, D. W. Y. Sah, Meena, S. M. Standley, G. Lu, L. H. Apponi, M. Frank-Kamenetsky, J. J. Zhang, C. Vargeese, G. L. Verdine, Nature
Biotechnology 2017, 35, 845–851. [3] H. Jahns, N. Taneja, J. L. S. Willoughby, M. Akabane-Nakata, C. R. Brown, T. Nguyen, A. Bisbe, S.
Matsuda, M. Hettinger, R. M. Manoharan, K. G. Rajeev, M. A. Maier, I. Zlatev, K. Charisse, M. Egli, M. Manoharan, Nucleic Acids
Research 2022, 50, 1221–1240. [4] W. S. Marshall, M. H. Caruthers, Science (1979) 1993, 259, 1564–1570. [5] X. Yang, Current
Protocols in Nucleic Acid Chemistry 2016, 66, 4.71.1-4.71.14.
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O12 - Decorated molecular spherical nucleic acids for the targeted
delivery of oligonucleotides

5. Delivery And Targeting Of Nucleosides And Oligonucleotides 
Pasi Virta1 
1 Department of Chemistry, University of Turku, 20500 Turku, Finland

Spherical nucleic acids (SNAs) are nanostructures consisting of an appropriate multivalent
core unit and a densely packed oligonucleotide (ON) layer.1 Compared to the linear ONs,
SNAs are efficiently taken up by cells via class A scavenger receptor–mediated endocytosis,
without transfection agents. In vivo they are also more resistant towards nuclease
degradation (steric reasons) and they can avoid renal clearance (depending on the particle
size). In addition to these beneficial properties of naked SNAs, the radial formulation may
be advantageous with the covalent conjugation strategy for ON delivery. The effect of
potential cell/tissue-specific ligands or other properties may be emphasized on the outer
sphere of the SNAs, which in the same time hide unfavourable distribution properties of the
loaded oligonucleotide content inside.

Among the spherical nucleic acids, this presentation focus on atomically defined site-
specifically conjugated2  molecular SNAs (the hydrodynamic size varying between Ø 10-20
nm), in which C60-fullerene is used as a core unit.2-4 An extra attention has been paid to
homogeneity and characterization of these high molecular weight molecules (60-200 kDa),
using different techniques: PAGE, capillary electrophoresis, MS-spectroscopy, SEC-MALS,
AFM and DLS.2,3Assembly of 18F-labelled SNAs, glyco-decorated SNAs, 4 including defined
miktoarm SNAs,3 antibody-SNA-conjugates and their cellular uptake, gene knock down and
in vivo-PET imaging studies are presented. 
Selected references 
1) Cutler, J. I.; Auyeung, E.; Mirkin, C. A. Spherical Nucleic Acids. J. Am. Chem. Soc. 2012, 25, 1376–1391.

2) Gulumkar, V.; Äärelä, A.; Moisio, O.; Rahkila, J.; Tähtinen, V., Leimu, L.; Korsoff, N.; Korhonen, H.; Poijärvi-Virta, P.; Mikkola, S.;
Nesati, V.; Vuorimaa-Laukkanen, E.; Viitala, T.; Yliperttula, M.; Roivainen, M.; Virta, P. Controlled Monofunctionalization of Molecular
Spherical Nucleic Acids on a Buckminster Fullerene Core. Bioconjugate Chem. 2021, 32, 1130-1138.

3) Gulumkar, V.; Tähtinen, V.; Ali, A.; Rahkila, J.; Valle-Delgado, J.; Äärelä, A.; Österberg, M.; Yliperttula, M.; Virta, P. Synthesis of an
Azide- and Tetrazine-Functionalized [60]Fullerene and Its Controlled Decoration with Biomolecules. ACS Omega 2022, 7, 1329-1336.

4) Tähtinen, V.; Gulumkar, V.; Maity, S. K.; Yliperttula A.; Siekkinen, S.; Laine, T.; Lisitsyna, E.; Haapalehto, I.; Viitala, T.; Vuorimaa-
Laukkanen, E.; Yliperttula, M.; Virta, P. Bioconjugate Chem. 2022, 33, 206-218.
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O13 - Enhanced specificity and uptake of lipid nanoparticles using
novel RNA aptamers and peptides

5. Delivery And Targeting Of Nucleosides And Oligonucleotides 
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Citra Soemardy1, Kevin Morris4, Kira Astakhova2 
1 The Center for Gene Therapy, The Beckman Research Institute, The City of Hope, Duarte
CA
2 The Department of Chemistry, Technical University of Denmark, Lyngby Denmark
3 Institute of Biological Chemistry, Faculty of Chemistry, University of Vienna, 1090 Vienna,
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Lipid nanoparticles (LNPs) constitute a facile and scalable approach for delivery of payloads
to human cells.1 LNPs are relatively immunologically inert and can be produced in a cost
effective and scalable manner.1 LNP can deliver small interfering RNA and mRNA drugs and
vaccines including recently approved patisiran by Alnylam and anti-COVID-19 vaccines by
Moderna and Pfizer.2,3

Targeting of gene therapy is critical for avoiding side effects, also with LNP delivery
approach.1 This can be a challenging task, given complexity of components and sensitivity
of LNP to modification.2

Here we present two new approaches to target LNPs to particular cell types and to cross the
blood brain barrier (BBB; Figure 1).4 Our LNPs are composed of novel lipid-peptide and lipid-
RNA conjugates, in formulation with an ionizable cationic lipid (DLin-MC3-DMA), cholesterol,
the phospholipid 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), and 1,2-
dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000 (DMG-PEG 2000). Our first
approach is centered on BBB penetrating peptides Tat or T7, and the other on RNA
aptamers targeted to glycoprotein gp160 from human immunodeficiency virus (HIV) or C-C
chemokine receptor type 5 (CCR5), a HIV-1 co-receptor.

The audience will be introduced to our design, synthesis methodologies, biophysical and
biological properties of novel targeted LNPs. Our approach highlights the usefulness of
aptamer-functionalized LNPs to increase target cell specificity and potentially, deliverability
of central nervous system-active RNAi therapeutics across the BBB. 
Selected references 

1. Moss KH, et al. Mol Pharm. 2019, 2265.
2. Adams Det al. N Engl J Med. 2018, 11.
3. Meo et al. Eur Rev Med Pharmacol Sci. 2021, 1663.
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O14 - Hydrogel based lipid-oligonucleotides: a new route to self-
delivery of therapeutic sequences

5. Delivery And Targeting Of Nucleosides And Oligonucleotides 
BARTHELEMY Philippe1 
1 ARNA, Inserm U1212, CNRS 5320, University of Bordeaux

OligoNucleotides (ON) provide promising therapeutic approach for controlling specifically
genetic expression in a broad range of diseases. Beside their chemical stability and
intracellular delivery, the controlled release of therapeutic sequences remains an important
challenge for successful clinical applications. In this presentation we will present several
option based on Lipid-OligoNucleotides (LON, Figure 1).  These  conjugates stabilize
hydrogels, which have been characterized by rheology and cryo-scanning electron
microscopy (cryo-SEM). These studies revealed that lipid conjugation of
antisense oligonucleotides featuring partial self-complementarity resulted in entangled
pearl-necklace networks, which were obtained through micelle-micelle interaction driven by
duplex formation. Owing to these properties, the Lipid AntiSense Oligonucleotide
(LASO) sequences exhibited a prolonged release after subcutaneous administration
compared to the non-lipidic antisense (ASO) one. The LASO self-assembly based hydrogels
obtained without adjuvant represent an innovative approach for the sustained self-
delivery of therapeutic oligonucleotides.
Also, we will present our recent results on amphiphilic i) nucleotide (1), ii) oligonucleotides
featuring antisenses (2,3,4) and/or iii) G-quadruplex-prone sequences (5). 
Selected references 
(1) Nguyen, P.V. et al. Pharmaceutics 2022, 14, 299. https://doi.org/10.3390/ pharmaceutics14020299
(2) Karaki, S. et al.  Journal of Controlled Release 2017, 258, 1–9. 
(3) Kauss, T. et al. Nat. Sci Rep 2020, 10 (1), 1054. https://doi.org/10.1038/s41598-020-58047-x
(4) Benizri, S. et al. Biomaterials Science, 2021. https://doi.org/10.1039/D1BM00273B.
(5) Brune, et al. Chem. Commun. 2017 DOI: 10.1039/C7CC05693A.
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O15 - Synthesis and application of stereopure guanidine-containing
backbone to multiple oligonucleotide modalities in preclinical
studies

5. Delivery And Targeting Of Nucleosides And Oligonucleotides 
pachamuthu Kandasamy1 
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Synthesis and application of stereopure guanidine-containing backbone to
multiple oligonucleotide modalities in preclinical studies 

Pachamuthu Kandasamy, Yuanjing Liu, Vincent Aduda, Keith Bowman, Marissa Bylsma,
Michael Byrne, Megan Cannon, Arindom Chatterjee, Elena Dale, Jigar Desai, Juili Dilip
Shelke, Frank Favaloro, Jack Godfrey, Naoki Iwamoto, Tomomi Kawamoto, Jayakanthan
Kumarasamy, Anthony Lamattina, Muriel Lemaitre, Amber Lindsey, Fangjun Liu, Kenneth
Longo, Richard Looby, Genliang Lu, Subramanian Marappan, Jake Metterville, Prashant
Monian, Ronelle Murphy, Ik-Hyeon Paik, Saurabh Patil, Tom Pu, Erin Purcell-Estabrook, Jeff
Rossi, Mamoru Shimizu, Chikdu Shivalila, Stephany Standley, Kris Taborn, Snehlata Tripathi,
Hailin Yang, Yuan Yin, Hui Yu and Chandra Vargeese

Wave Life Sciences, Cambridge, MA, USA

Chemically modified oligonucleotides hold great promise for the treatment of human
disease. Using PRISMTM, Wave can generate stereopure oligonucleotides—those in which
the chiral configuration of backbone linkages is precisely controlled at each position—to
target genetically defined diseases. To improve the drug-like properties of oligonucleotides,
we have expanded our repertoire of backbone chemistries to include chiral phosphoryl
guanidine-containing modifications, called PN linkages. We will provide an overview of the
advances we have made that allow us to synthesize and manufacture stereopure
oligonucleotides with this chiral backbone chemistry in combination with more traditional
backbones, phosphodiester (PO) and phosphorothioate (PS). We will then present our
application of this chemistry, showing that its rational application improves the durability of
effect and other key biological properties of stereopure oligonucleotides that act via distinct
biological mechanisms, including silencing with RNase H or Ago2, splicing, and RNA base
editing. 
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O16 - DNA Data Storage: Writing the Future, Saving the Past

6. Applications Of Nucleic Acids Beyond Therapy 
Jeremy Lackey1 
1 Twist Bioscience

The amount of data being generated by humanity is projected eclipse 180 zettabytes by
2025. A staggering number considering it is within an order of magnitude of the estimated
known stars in the universe. Scaling existing technology such as hard disk drives, solid
state drives, and tape is problematic and significantly challenging. Molecular DNA-based
data storage offers an intriguing solution to the problem. It can be scaled more efficiently,
preserved for millennia, and can reduce the carbon footprint of traditional server farms.
DNA has exquisite properties that make it ideal for storing information. After all, life chose
to store all its information in this molecule. DNA data storage technology has a unique
workflow where binary information is first converted to the letters of life. These sequences
are then synthesized and stored. When it’s time for the data to be retrieved, the DNA is
then sequences, and decoded from letter sequence back into binary and read by a
computer.

 We have developed the world’s most advanced and complex semiconductor chip ever
produced for a biotechnology application to address the data storage problem. This chip
has the scaling capability to synthesize billions of unique DNA synthesis to code information
using novel electrochemical DNA synthesis. We will discuss our progress in this area
including the novel electrochemical method used to synthesize DNA at scale. 
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O17 - Photo-induced Precision Ligations with Nucleic Acids Through
Tailored Singlet Oxygen Generation

6. Applications Of Nucleic Acids Beyond Therapy 
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We earlier developed a furan oxidation-based ligation methodology, initially applied for the
realization of nucleic acid interstrand crosslinking probes equipped with furan-modified
nucleoside building blocks.1 Furan oxidation was initially triggered by the use of N-
bromosuccinimide, but was later accomplished in a visible light-triggered manner by
exploiting in situ singlet oxygen production via photosensitizer (PS) induced activation.2-4

This methodology was subsequently extended to DNA to protein cross-linking,5 and cross-
linking of PNA probes.6 More recently these strategies have been implemented in the
design of several biosensing approaches for nucleic acid detection.

We recently reported on the first example of a visible light-triggered templated ligation on
surface, employing furan-modified PNAs.7 Tailored photo-oxidation of the pro-reactive furan
moiety is ensured by the simultaneous introduction of a weak photosensitizer as well as a
nucleophilic moiety in the reacting PNA strand. Simple white light irradiation in combination
with target-induced proximity between reactive functionalities upon recognition of a
sequence of interest that functions as a template, allows sensitive detection of nucleic acid
targets in a 96 well plate format.

We further investigated a bimolecular approach for achieving selective G4-alkylation, using
a pro-reactive furan-containing ligand, activated by red-light irradiation of a proximate
binding photosensitizer. G4-alkylation can be achieved in a high yield at low ligand excess,
and proved to be specific for G4 structures over double-stranded DNA.8 
Selected references 
1 a) Stevens, K.; Madder, A. Furan-modified oligonucleotides for fast, high-yielding and site-selective DNA inter-strand cross-linking
with non-modified complements. Nucleic Acids Research 2009, 1555; b) De Beeck, M.O., and Madder, A. Unprecedented C-selective
interstrand cross-linking through in situ oxidation of furan-modified oligodeoxynucleotides. JACS 2011. 133, 796–807.

2 Op de Beeck, M., and Madder, A. Sequence Specific DNA Cross-Linking Triggered by Visible Light. JACS 2012, 134, 10737–10740.

3 De Laet, N., Llamas, E.M., and Madder, A. Templated DNA Cross-Linking: Towards a Non-Invasive Singlet-Oxygen-Based Triggering
Method. ChemPhotoChem 2018 2, 575–579.

4 De Laet, N., and Madder, A. Synthesis and evaluation of methylene blue oligonucleotide conjugates for DNA interstrand cross-
linking. J. Photochem. Photobiol. A Chem. 2016, 318, 64–70.

5 a) Carrette, L.L.G, Morii, T.; Madder, A. Toxicity Inspired Cross-linking for Probing DNA - Peptide Interactions. Bioconj. Chem. 2013,
24(12), 2008-2014; b) L. L. G. Carrette, E. Gyssels, N. De Laet and A. Madder. Furan oxidation based cross-linking: a new approach for
the study and targeting of nucleic acid and protein interactions. Chem Comm. 2016, 52, 1539.

6 Manicardi, A., Gyssels, E., Corradini, R., and Madder, A. Furan-PNA: a mildly inducible irreversible interstrand crosslinking system
targeting single and double stranded DNA. Chem. Comm. 2016, 52, 6930–3.

7 Manicardi, A. Cadoni, E. and Madder, A. Chem. Sci., 2020, 11, 11729–11739.

8 E. Cadoni, A. Manicardi, M. Fossépré, K. Heirwegh, M. Surin and A. Madder, Chem. Commun., 2021, 57, 1010–1013.
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O18 - Sequence selective recognition of double-stranded RNA by
cationic nucleobase and backbone-modified peptide nucleic acids

7. Nucleic Acids: Structure, Recognition And Cleavage 
Eriks Rozners1 
1 Department of Chemistry, Binghamton University, Binghamton, NY 13902, USA

The important roles that non-coding double-stranded RNAs (dsRNA) play in biology and
development of disease makes them attractive targets for molecular recognition. We
discovered that cationic nucleobase- and backbone-modified peptide nucleic acids (PNA)
bind with high sequence selectivity and low nanomolar affinity to dsRNA via major groove
triple helix formation under physiological conditions. Most interestingly, the modified PNAs
exhibited unique RNA selectivity and had up to two orders of magnitude higher affinity for
the dsRNAs than for the same dsDNA sequences. Our NMR structural studies showed that
the A-type double helix of RNA presented a better hydrogen bonding arrangement for the
PNA ligands than the B-type DNA. Conjugation of PNA with short cationic cell-penetrating
peptides further enhanced binding affinity and cellular uptake of PNA. PNAs carrying 2-
aminopyridine and peptide modifications were efficiently taken up by cells, while the
unmodified PNA showed little uptake. Nucleobase- and backbone-modified PNAs recognized
dsRNA sequences present in biologically relevant RNA, such as mRNAs and microRNAs, with
high affinity under physiological conditions. In collaboration with Prof. Naoki Sugimoto’s
group at FIBER, Kobe, Japan, we demonstrated that triplex-forming PNA suppressed
maturation of pre-microRNA hairpins in cells. Taken together our results suggest that the
cationic modified PNAs may be promising compounds for modulating the function of
biologically relevant dsRNA for fundamental studies in vivo or therapeutic applications. This
presentation will discuss our most recent results on sequence selective recognition of
complex biological dsRNA molecules and potential applications of this recognition in
biomedical research and biotechnology. 
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P1 - 5-ethyl- and 5-propylpyrimidine nucleosides and their oxidised
congeners: their synthesis, incorporation into DNA and effect on
transcription

1. Nucleoside Chemistry 
Filip Gracias1, 2 , Olatz Ruiz3, Libor Krasny3, Michal Hocek1, 4 
1 Institute of Organic Chemistry and Biochemistry AS CR, Flemingovo nam. 2, CZ-16610
Prague 6, Czech Republic
2 Department of Organic Chemistry, Faculty of Chemical Technology, University of
Chemistry and Technology, Technicka 5, CZ-16628 Prague 6, Czech Republic
3 Institute of Microbiology AS CR, Videnska 1083, CZ-14220 Prague 4, Czech Republic
4 Department of Organic Chemistry, Faculty of Science, Charles University in Prague,
Hlavova 8, CZ-12840 Prague 2, Czech Republic

Abstract
Many naturally present minor nucleobases found in DNA (such as methyl-dC,
hydroxymethyl-dC, formyl-dC and others) are known or thought to play a role in regulation
of gene expression.1 Our previous work focused on demonstrating their influence in in vitro
transcription, where we showed big differences between both modifications and pyrimidine
nucleobases.2

We wanted to expand the pool of small, major groove modifications that, in addition, would
also bear similarities to the naturally occuring minor nucleobases. For that we decided to
prepare a series of nucleosides bearing ethyl- or propyl-based modifications and their
oxidized congeners. These nucleosides are then converted into nucleoside triphosphates
(dNTPs) and incorporated into DNA via either primer extension reaction (PEX) or more
importantly polymerase chain reaction (PCR). Prepared DNAs containing promoter
sequence are then tested in in vitro transcriptions and their influence on the transcription is
studied. 
Selected references 

1. Raiber, EA; Hardisty, R; van Delft, P; Balasubramanian, S. Nat. Rev. Chem., 2017, 1, 0069.
2. Janoušková, M; Vaníková, Z; Nici, F; Boháčová, S; Vítovská, D; Šanderová, H; Hocek, M; Krásný, L. Chem. Commun., 2017, 53

(99), 13253 – 13255.
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P2 - A Journey Towards Large-Scale Manufacturing of Modified
Phosphoramidites for Therapeutic Oligonucleotides

1. Nucleoside Chemistry 
Yella Reddy Paidi1 
1 Sapala Organics Private Limited

Abstract
Phosphoramidite chemistry is the gold standard method for the oligonucleotide synthesis
that has been used in the industry for almost more than three decades. Currently, the
oligonucleotide synthesis process is implemented as solid-phase synthesis using
phosphoramidite method and the phosphoramidite building blocks are derived from
protected nucleosides. More than 14 oligonucleotide based drugs has been approved and
more than 150 oligonucleotide based products are in active clinical trials. Hence, it is
necessary to establish safe and cost effective manufacturing protocol for phosphoramidites
of modified nucleosides.

 In this presentation, we will talk about our journey towards the process development and
manufacturing of a variety of chemically modified phosphoramidites. 
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P3 - A unique type of STING agonist with isonucleoside unit in CDN

1. Nucleoside Chemistry 
Milan Dejmek1 , Michal Sala1, Andrea Brazdova1, Lenka Vanekova1, 2, Miroslav Smola1,
Martin Klima1, Petra Brehova1, Milos Budesinsky1, Martin Dracinsky1, Eliska Prochazkova1,
Martin Zavrel1, Ondrej Simak1, Ondrej Pav1, Evzen Boura1, Gabriel Birkus1, Radim Nencka1 
1 Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences,
Prague 16610, Czech Republic
2 Faculty of Science, Charles University, Prague 128 00, Czech Republic

Abstract
Cyclic dinucleotides (CDNs) play an important role in the cyclic GMP-AMP synthase (cGAS) –
stimulator of interferon genes (STING) pathway, where they serve as second messengers.
This makes them indispensable in the recognition of cancer cells, viral and bacterial
infections1. Recent extensive research, mainly led by the pharmaceutical industry, has
resulted in the discovery of ADU-S1002, which has entered clinical trials (Figure 1).

Here we describe a novel class of synthetic CDNs where one unit of the dinucleotide is an
isonucleoside, a specific type of nucleoside, in which the position of the nucleobase is
shifted from the canonical 1´ position to the position 2´ (Fig 1.)

Appropriate prodrugs were synthesized to improve cellular uptake of these negatively
charged molecules. This strategy has increased the activity of the parent CDN by almost
two orders of magnitude. The ability to induce interferons and cytokines in the peripheral
blood mononuclear cells was evaluated with results greatly superior to the clinical
candidate ADU-S100. We were also able to crystalize our lead inhibitor with WT-STING and
demonstrate its binding mode in the active site of the protein. The presented work shows
that even such a fundamental change can be tolerated by STING protein. 

Acknowledgment: The work was supported by the European Regional Development Fund;
OP RDE (project “Chemical biology for drugging undruggable targets”, ChemBioDrug no.
Z.02.1.01/0.0/0.0/16_019/0000729); Ministry of Health of the Czech Republic (grant NU20-
05-00472), the Czech Academy of Sciences (RVO: 61388963) and by Gilead Sciences, Inc. 

Selected references 
1. Cheng, Z.; Dai, T.; He, X.; Zhang, Z.; Xie, F.; Wang, S.; Zhang, L.; Zhou, F., Signal Transduction and Targeted Therapy 2020, 5

(1), 91.
2. Dubensky, J. T. W.; Kanne, D. B. Compositions and Methods for Inhibiting "Stimulator of Interferon Gene" -Dependent

Signalling. US2014341976 (A1), 2014/11/20/, 2014
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P4 - A vancomycin-bearing nucleotide to be included in aptamer
selection

1. Nucleoside Chemistry 
Chiara Figazzolo1 , Frédéric Bonhomme1, Fabienne Levi-Acobas1, Saidbakhrom
Saidjalolov2, Mélanie Etheve-Quelquejeu2, Marcel Hollenstein1 
1 Dept. of Structural Biology and Chemistry, Institut Pasteur, 25-28 Rue du Dr Roux, 75015
Paris, France
2 Dept. of Fundamental and Biomedical Sciences, Université Paris Cité, 45 Rue des Saints-
Pères, 75006 Paris, France.

Antibiotic resistance (ABR) is one of the biggest public health challenges and occurs when
bacteria develop mechanisms that protect them from the effects of antibiotics. In this work,
we explore the first steps towards combatting ABR by attaching antibiotics on the scaffolds
of aptamers. Aptamers can be produced by screening large populations of oligonucleotides
through SELEX (Systematic Evolution of Ligands by EXponential enrichment) against a wide
variety of targets.

Our aim was to synthesize a nucleotide bearing a vancomycin moiety (dUVTP) and assess
its capability to be applied in SELEX. Vancomycin is an antibiotic used to treat different
bacterial infections. Its resistance has been observed in methicillin-resistant S. aureus and
results in reduced vancomycin binding and failure to prevent bacterial wall synthesis.

Initially, dUVTP was synthesized and characterized1,2. Afterwards, primer extension (PEX)
and polymerase chain reaction (PCR) experiments proved the possibility of enzymatically
incorporating dUVTP in DNA both with individual templates and a library. The correct
incorporation of dUVTP was confirmed by mass spectrometry. Finally, a template containing
dUVTP was converted into unmodified DNA without mutations or misincorporations, an
important prerequisite for SELEX.

In conclusion, this work proves the possibility to enzymatically synthesize oligonucleotides
containing dUVTP and use them in SELEX. The identification of a vancomycin-bearing
aptamer would potentially use the aptamer binding properties to mechanically force the
vancomycin in the binding site and allow its function despite the presence of the
peptidoglycan mutation. Our result represents a first step towards the combination of
aptamers and antibiotics for therapeutic purposes. 
Selected references 
1. Röthlisberger, P.; Levi-Acobas, F.; Hollenstein, M. Bioorganic Med. Chem. Lett. 2017, 27, 897–900.
2. Silverman, S. M.; Moses, J. E.; Sharpless, K. B. Chem. - A Eur. J. 2017, 23, 79–83.
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P5 - Bioreversible masking and photo-caging of (d)ADPR derivatives
for temporally and spatially controlled release in cells

1. Nucleoside Chemistry 
Tobias Schneider1 , Ralf Fliegert2, Henning Tidow1, Chris Meier1 
1 University of Hamburg, Department of Chemistry, Martin-Luther-King-Platz 6, 20146
Hamburg, Germany
2 University Medical Center Hamburg-Eppendorf, Department of Biochemistry and
Molecular Cell Biology, Martinistraße 52, 20246 Hamburg, Germany

Abstract
The non-selective, Ca2+-permeable cation channel transient receptor potential melastatin 2
(TRPM2) plays an important role in a wide variety of physiological processes. Among other
processes it can act as a temperature sensor in the regulation of body temperature and it is
deeply involved in immune response and inflammatory processes. The cation channel is
associated to many different diseases, for example neurological diseases like Alzheimer’s
disease and bipolar disorder.1 Two agonists of the channel are adenosinediphosphate-
ribose (ADPR) and its 2’-deoxygenated derivative dADPR. The exact role of TRPM2 in the
mentioned processes has not yet been completely investigated. For this investigation a
controlled and non-invasive method for the release of TRPM2 agonists is needed, since
common application methods, like micro-injection, come with the risk of stressing the cell
and triggering an inflammatory response. For a passive permeation of the agonists, the
polar phosphate groups of (d)ADPR need to masked with lipophilic, bioreversible groups.2
Once the compound is inside the cell the enzymatically catalysed unmasking enables a
release of the agonists in a matter of minutes.3 Yu et al. synthesized a photolabile masked
ADPR derivative, which enabled an agonistic effect within several seconds after irradiation.4
The general use of photocaging groups have the advantage of a spatially controlled release
at a fast rate by irradiation of the cell at potentially non-invasive wavelengths. 
Selected references 
[1] Y. Huang, P. A. Winkler, W. Sun, W. Lü, J. Du, Architecture of the TRPM2 channel and its activation mechanism by ADP-ribose and
calcium, Nature 2018, 562, 145–149.
[2] T. Gollnest, T. Oliveira, D. Schols, J. Balzarini, C. Meier, Nat. Commun. 2015, 6, 8716.
[3] K. Pahnke, C. Meier, Synthesis of a Bioreversibly Masked Lipophilic Adenosine Diphosphate Ribose Derivative, ChemBioChem
2017, 18, 1616–1626.
[4] P. Yu, Q. Wang, L. H. Zhang, H. C. Lee, L. Zhang, J. Yue, A Cell Permeable NPE Caged ADP-Ribose for Studying TRPM2, PLoS One
2012, 7, 1–14.

The project is funded by the German Research Foundation (DFG) through the SFB 1328, projects A04 and A05.
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P6 - Breaking through the blue barrier – Intrinsically fluorescent
uracil molecular rotors with red-shifted emission

1. Nucleoside Chemistry 
Mria Chowdhury1 , Robert Hudson1 
1 The University of Western Ontario

Abstract
While oligonucleotides (ONs) and analogs (XNAs) that are labelled with fluorescent reporter
groups have been widely used in research and industry, intrinsically emissive
oligonucleotides with bright and longer wavelength emissions are attractive detection tools
because of their reduced perturbation due to structural isomorphicity and proximity to the
site of detection. The vast majority of intrinsically fluorescent nucleobase analogs possess
emission in the blue region of visible spectrum. This spectral window suffers interference
from autofluorescence of common biological molecules, thus the goal of this project was the
design of red-shifted fluorophores. We have synthesized a class of GFP1-inspired C5 –uracil
based modified fluorophores that have shown large bathochromic shifts to the green region
of visible spectrum with quantum yield (Φ) as high as 20%. These molecules behave as
molecular rotors and show viscosity sensitive fluorescence turn-on effects. These molecules
also exhibited interesting photo-switching ability in ethanol. PNA containing modifications
have good thermal discriminating ability and sequence dependent fluorescence sensitivity.
Environmentally sensitive oligonucleotide analogues2 can indicate changes within
physiological systems. 
Selected references 

1. Tsien, R. Y. Rev. Biochem. 1998, 67, 509–544
2. Hudson, R.; Ghorbani-Choghamarani, A. Org. Biomol. Chem. 2007, 5 (12), 1845-1848
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P7 - Chemical Probes to Elucidate Cellular Interactions of
Muraymycin Nucleoside Antibiotics

1. Nucleoside Chemistry 
Pierre Junghanns1 , Markus Bischoff2, Sören Becker2, Christian Ducho1 
1 Saarland University, Department of Pharmaceutical and Medicinal Chemistry, Campus
Saarbruecken, Germany 
2 Saarland University, Department of Medicinal Microbiology and Hygiene, Campus
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Abstract
With respect to the emergence of resistant bacterial strains, our goal is to develop
nucleoside analogues towards potential novel antibiotics. Naturally occurring muraymycins
belong to the group of nucleoside antibiotics, which have the bacterial phosphotransferase
MraY as their common target, thus inhibiting an early stage of bacterial cell wall synthesis.
[1,2] However, other secondary targets in bacteria (B. subtilis, M. tuberculosis) and even
off‑targets in humans, have been reported for some nucleoside antibiotics.[3-5] In order to
identify these potential secondary/off-targets, we aim to apply an ABPP (affinity‑based
protein profiling) approach.[6] The introduction of a diazirine unit as photoreactive group
will enable covalent linking to bound proteins, and an alkyne moiety will serve as handle for
analytical tagging via copper-catalyzed azide-alkyne cycloaddition. This strategy leads to
the design of muraymycin-derived chemical probes for insights into cellular interactions of
muraymycin nucleoside antibiotics and their analogues. The synthesis of key building
blocks and the assembly of first muraymycin probes will be presented. 
Selected references 
[1] L. McDonald, L. Barbieri, G. Carter, E. Lenoy, J. Lotvin, P. Petersen, M. Siegel, G. Singh, R. Williamson, J. Am. Chem. Soc. 2002, 124,
10260-10261. 
[2] D. Wiegmann, S. Koppermann, M. Wirth, G. Niro, K. Leyerer, C. Ducho, Beilstein J. Org. Chem. 2016, 12, 769-795. 
[3] K. Mitachi, B. Aleiwi, C. Schneider, S. Siricilla, M. Kurosu, J. Am. Chem. Soc. 2016, 138, 12975-12980. 
[4] Y. Ishizaki, C. Hayashi, K. Inoue, M. Igarashi, Y. Takahashi, V. Pujari, D. Crick, P. Brennan, A. Nomoto, J. Biol. Chem. 2013, 288,
30309-30319. 
[5] J. Yoo, E. Mashalidis, A. Kuk, K. Yamamoto, B. Kaeser, S. Ichikawa, S. Lee, Nat. Struct. Mol. Biol. 2018, 25, 217-224. 
[6] H. Fang, B. Peng, S. Ong. Q. Wu, L. Li, S. Yao, Chem. Sci. 2021, 12, 8288-8310.
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P8 - Computationally determined pKa values of modified
nucleobases: more than just a series of numbers

1. Nucleoside Chemistry 
Alan Mlotkowski1 , Evan Jones1, H. Bernhard Schlegel1, Christine Chow1 
1 Department of Chemistry, Wayne State University

Modifications play a role in fine tuning structure and function of RNA. Both natural and
nonnatural modifications have been studied for their impact on RNA biology, but also used
as chemical tools and building blocks for therapeutics. Despite a large amount of
information about modifications being available, some details regarding their physical
properties are still lacking. Nucleobases and their modifications contain one or more sites of
protonation/deprotonation with unique pKa values. Experimentally, these values can be
challenging to determine, particularly for cases in which multi-step syntheses of the
modified nucleosides are required. In this study, we performed ab initio quantum
mechanical computations to obtain the pKa values of a series of natural and nonnatural
modified nucleobases. The calculations used explicit water molecules at each potential
hydrogen-bonding site on the nucleobase in conjunction with an implicit solvation shell that
surrounded the system. The calculated pKa values of modified nucleobases were compared
to their unmodified counterparts to determine the impact of the added chemical
functionalities. Differences in the pKa values between modified and unmodified nucleobases
range from 0.1 to 9.1, with an average of 1.8. These nucleobase pKa values provide insight
into the structural and energetic impacts of modifications within RNA oligonucleotides. 
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P9 - cyclopropene-modified nucleosides for the dual bioorthogonal
labelling of DNA

1. Nucleoside Chemistry 
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karlsruhe, germany

Bioorthogonal labeling methods are an important tool for the visualization and tracking of
biomolecules in vivo and thereby constantly contribute to expanding our understanding of
the numerous processes occurring in living organisms.[1,2] One functional group that could
successfully be applied as a chemical reporter are cyclopropenes whose small size in
combination with a high ring strain offers a decisive advantage in terms of biocompatibility.
[3,4] They are highly versatile and can undergo different bioorthogonal reactions such as
the inverse electron demand Diels–Alder (iEDDA) or the photoclick-reaction.[3,4]
Additionally, it was shown that depending on the placement of a single methyl group on the
cyclopropene ring its reactivity can be significantly varied. It thus becomes possible to
generate an orthogonal system of iEDDA- and photoclick-reactions using two isomeric
cyclopropenes, which can be applied to sequentially label two different biomolecules.[3] 
We were able to synthesize 1‑methylcylopropene- as well as 3‑methylcylopropene-modified
nucleosides with different linker systems. The 1‑methylcylopropene-modified nucleosides
could then be reacted in an iEDDA‑reaction with a model tetrazine. The corresponding
3‑methylcyclopropene-modified derivatives on the other hand showed no reactivity towards
the same tetrazine but could be applied in a photoclick-reaction. Both reactions were then
successfully performed in a one-pot procedure. Thus, these results indicate that an
orthogonal system of iEDDA- and photoclick-reaction based on two isomeric cyclopropenes
as chemical reporters is applicable for the dual bioorthogonal labeling of DNA which could
allow monitoring DNA interactions in vivo.

Selected references 
[1] K. Krell, D. Harijan, D. Ganz, L. Doll, and H-A. Wagenknecht, Bioconjugate Chem 2020, 31, 4, 990-1011
[2] J. A. Prescher, C. R. Bertozzi. Nat. Chem. Biol. 2005, 1, 1, 13-21.
[3] D. M. Patterson, J. A. Prescher et al., J. Am. Chem. Soc. 2012, 134, 18638–18643.
[4] D. N. Kamber, J. A. Prescher et al., J. Am. Chem. Soc. 2013, 135, 13680–13683
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Chikungunya virus (CHIKV) is a mosquito-transmitted arthritogenic alphavirus that causes a
febrile illness which can progress into chronic arthralgia. Currently, there are no effective
chemotherapeutic agents or vaccines that can prevent or cure CHIKV infections, which
underscores the need to search for medications with improved efficacy. Neplanocin A
analogs constitute a valuable class of carbocyclic nucleosides in the fields of biological and
medicinal chemistry studies due to their potent and broad-spectrum antiviral and antitumor
activities. However, their therapeutic utility has been limited due to their significant
cytotoxicity. As this cytotoxicity may be attributed to 5′-phosphorylation by cellular kinases,
we designed and synthesized one-carbon homologated neplanocin A analogs to reduce
cytotoxicity. A close relation has been identified between antiviral activity of neplanocin A
and inhibition of S-adenosyl-L-homocysteine (SAH) hydrolase. Therefore, SAH hydrolase has
been recognized as potential pharmacological target for the development of new antiviral
agents. Based on the bioisosteric rationale, we have reported 6′-fluoro-neplanocin A, which
is two times more potent against SAH hydrolase than neplanocin A. Consequently, it is
imperative to explore further structure-activity relationship (SAR) studies of neplanocian A
analogs and evaluate their antiviral effects, especially against CHIKV. The syntheses of
targeted nucleosides were accomplished by using stereoselective electrophilic fluorination
and palladium-catalyzed dehydrosilylation as key steps. Among the compounds tested, 6′-
fluoro-homoneplanocin A showed promising antiviral activity (EC50 = 0.18 µM) against the
CHIKV, without noticeable cytotoxicity up to 250 µM. The design, synthesis, and antiviral
activity will be presented in detail. 
Selected references 
1. Jarhad, D. B.; Jang, M. H.; Shin, Y. S.; Kim, G.; Kim, H.-R.; Hyun, Y. E.; Yoon, J.-S.; Jeong, L. S. An efficient synthesis of fluoro-
neplanocin A analogs using electrophilic fluorination and palladium-catalyzed dehydrosilylation. Org. Chem. Front. 2019, 6, 959-966.
https://doi.org/10.1039/C9QO00099B   
2. Kovacikova, K.; Morren, B. M.; Tas, A.; Albulescu, I. C.; van Rijswijk, R.; Jarhad D. B.; Shin, Y. S.; Jang, M. H.; Kim, G.; Lee, H, W.;
Jeong, L. S.; Snijder, E. J.; van Hemert, M. J. 6′-β-Fluoro-homoaristeromycin and 6′-fluoro-homoneplanocin A are potent inhibitors of
Chikungunya virus replication through their direct effect on viral nonstructural protein 1.  Antimicrob. Agents Chemtother. 2020, 64,
e02532. http://dx.doi.org/10.1128/AAC.02532-19  
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7-Deazapurine nucleosides belong to important analogs of biogenic purine nucleosides with
diverse biological activities.1 Naturally occurring 7-deazapurine nucleosides, tubercidin,
toyocamycin and sangivamycin were isolated from Streptomyces cultures and show potent
cytotoxicity against cancer cell lines.1,2 These nucleosides are efficiently phosphorylated in
cancer cell lines by cellular kinases and resulting nucleotides, incorporated into DNA, inhibit
polymerases that lead to impede DNA replication, RNA and protein synthesis.3,4 It has been
shown that 7-substituted 7-deazapurine nucleotides are better substrates for DNA or RNA
polymerases and DNA containing 7-substituted 7-deazapurines forms stable duplexes.5 We
recently reported that 7-acetylene-7-deaza-4'-thioadenosine exhibited markedly potent
anticancer activity in vitro, selective inhibition against kinases such as TRKA, DYRK1A/1B
and CK1δ which are associated with cancer. It also exhibited excellent tumor growth
inhibition in vivo, but it was highly cytotoxic.6 We further designed and synthesized 7-
deaza-4'-thioadenosine derivatives with polar functional groups such as cyano or amido
group at the 7-position. These compounds exhibited potent cytotoxic activity against
several cancer cell lines in vitro and showed potent selective kinase inhibition in the kinome
assay. Along with anti-cancer activity in vitro, these compounds also showed selective
inhibition against DYRK 1A/1B kinases. The design, synthesis, and kinase inhibition data
related to anti-cancer activity  will be presented in detail. 
Selected references 
1. Perlíková, P.; Hocek, M. Med Res Rev 2017, 37, 1429. 2. Anzai, K.; Nakamura, G-.; Suzuki, S. J. Antibiotics Tokyo, Ser. A 1957, 10,
201. 3. Nakamura jr. G. Antibiotics Tokyo, Set. A 1961, 14, 90. 4. Bloch, A.; Leonard, R. J.; Nichol C. A. Biochim. Biophys. Acta 1967,
138, 10. 5. Kielkowski P.; Fanfrlik J.; Hocek, M. Angew Chem Int Ed. 2014, 53, 29, 7552. 6. Mashelkar, K.K.; Byun, W.S.; Ko, H.; et al.
Pharmaceuticals 2021, 14, 1290.
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Abstract
The Seley-Radtke lab specializes in the design and synthesis of nucleos(t)ide analogues for
use as antiviral therapeutics, particularly analogues possessing the Fleximer base
modification. The Fleximer base modification takes the naturally occouring fused purine
ring system of purine nucleosides and splits them into their two single ring subunits, and
couples them through a sp2 carbon-cabon single bond, allowing for a higher degree of
rotational freedom within the heterobase as well as offers greater flexibility to the
nucleoside overall. This particular modification has imparted intersting charachteristics on
varous nucleos(t)ide analogue and provides advantages to these compounds as potential
antiviral therapeutics. The Seley-Radtke lab has previously focused on two particular
isomers of Fleximers: the proximal and distal isomers. Proximal fleximers have the C4 of an
imidazole ring coupled to the C5 of a pyrimidine ring to form the general structure of the
flexbase, where as distal fleximers are coupled through the C5 of an imidazole to the C6 of
a pyrimidine ring. The following work explores the design and synthesis of a third isomer of
Fleximers, connected at the C4 of imidazole and C6 of pyrimidine, as well as the proximal
isomer. This alternative isomer is of intrest to explore if the C4-C6 connectivity will offer
improved recognition in enzymes of interest as well as improved antiviral activity.  The
scaffold chosen to explore this modification on is based on the experimental nucleotide
therapeutic AT-527, or Bemnifosbuvir, which has shown potent activity and is in Phase 3 of
clinical trials. 
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Molnupiravir (MK-4482) is an approved antiviral drug that is active against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Molnupiravir is oxa-nucleoside analogue
whose backbone structure mocks with cytidine but there are two important changes to
enable antiviral function. Such as, its cytosine is derivatized with a hydroxyl group at the N4

position and tautomeric equilibrium of the N4-hydroxylated nucleobase toward the rare
imino tautomeric form. The mechanism of action of the drug has been exhibited through
molnupiravir-induced RNA mutagenesis by the RNA-dependent RNA polymerase (RdRp) of
the coronavirus SARS-CoV- 2. The molnupiravir is an orally dosed direct-acting antiviral
agent that has been demonstrated to prevent SARS-CoV-2 infections and moderately
reduced the risk of hospitalization or death. In this regard, the synthesis of novel antiviral
drug has been attracted the interest of medicinal chemists. The replacement of furanose
oxygen of molnupiravir by carbon, sulphur or selenium could enhance the antiviral efficacy.
The targeted nucleosides were synthesized via Vorbrüggen condensation or base build up
approach, amination as key steps. The design, synthesis and antiviral activity of
molnupiravir analogues will be presented in detail. 
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As a result of the current pandemic, the need for broad-spectrum antiviral drugs has
become clear. In that regard, nucleos(t)ide analogues have a long and rich history as
antivirals. One modification in nucleoside drug design that has proven successful is the use
of acyclic phosphonate sugars pioneered by Antonín Holý, such as that found in Cidofovir
(CDV), an FDA-approved drug for cytomegalovirus retinitis in AIDS patients. CDV has also
been proven to help with Acyclovir resistant herpes simplex virus (HSV). Its prodrug
Brincidofovir recently exhibited activity against Ebola virus (EBOV). Research in the Seley-
Radtke group has focused on the development of novel nucleos(t)ide analogues known as
“fleximers”, which feature a “split” purine nucleobase, where a carbon-carbon single bond
connects the pyrimidine and imidazole rings, thus introducing flexibility to the nucleobase
scaffold. The fleximer nucleosides can maintain important interactions such as hydrogen
bonding and can overcome point mutations. This endows the fleximers with potent activity
not seen for the corresponding rigid analogues. Previously synthesized acyclic fleximer
nucleosides have exhibited broad spectrum antiviral activity against viral families such as
flaviviruses, filoviruses, and coronaviruses. Combining the flex-nucleobase with the acyclic
sugar of CDV produced a series of doubly flexible Flex-CDV analogues. Prodrugs of Flex-CDV
analogues are also of interest. Given the fact that CDV and fleximer nucleosides have
exhibited broad-spectrum activity, the Flex-CDV analogues have potential as broad-
spectrum antiviral drugs. These novel analogues have been studied in computational
modeling and tested for antiviral activity in viral assays. The results are reported herein. 
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Fluorescence-based techniques have become one of the most powerful tools in chemical
biology over the last few decades, especially in live-cell imaging. 1 In recent years, the
emerging fields of RNAi therapeutics and mRNA-based vaccines have intensified the need
of improved labeling, imaging, and spectroscopic techniques. Existing methods often
require RNA to be conjugated with a relatively large fluorophore, which could affect the
innate properties of the native RNA and generate misleading results.

In this context, fluorescent base analogues (FBAs) have become a valuable alternative.
FBAs can be designed in such a way that its size is comparable with the canonical
nucleobases and show minimal effects on RNA structure and function. 2,3 Recently, we
showed that the tCO ribonucleoside triphosphate (an analogue of cytosine) can be used to
make minimally perturbing labeled mRNA using in vitro transcription. The labeled mRNA
was recognized and translated by the cell machinery to the correct GFP-tagged protein
which was also visualized in live cells using fluorescence microscopy. 4

Herein, we report the design and synthesis as well as characterization of a novel uridine
FBA - qU (Figure). The tetracyclic fused ring system (qU) was synthesized via a four-step,
scalable, high-yielding (89%) procedure without the need for column chromatography. RNA
sequences were synthesized via phosphoramidite chemistry. Interestingly, the FBA emits
light with two distinct emission bands which are sensitive to pH of the environment. With
this property along with absorption in the visible range and high photostability, qU
represents a promising label/probe for RNA trafficking studies. 
Selected references 
[1]      R. W. Sinkeldam, L. M. Wilhelmsson, Y. Tor, in Fluorescent Analogs of Biomolecular Building Blocks: Design and Applications,
Wiley, 2016, pp. 1–14.

[2]      L. M. Wilhelmsson, Q. Rev. Biophys. 2010, 43, 159–183.

[3]      W. Xu, K. M. Chan, E. T. Kool, Nat. Chem. 2017, 9, 1043–1055.

[4]      T. Baladi, J. R. Nilsson, A. Gallud, E. Celauro, C. Gasse, F. Levi-Acobas, I. Sarac, M. R. Hollenstein, A. Dahlén, E. K. Esbjörner, et
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Abstract
Dissociative bioorthogonal reactions which enable the release of a molecule of interest
upon cleavage triggered by an external factor have been studied for the last decades due
to their pioneering applications in Life Science.1 The concept of dissociative reactions
(“click and release”) refers to a chemical transformation that occurs while a bond is cleaved
with the concomitant release of an unmasking molecule. Herein we propose to use this
concept for Antisense Oligonucleotide (ASO) therapy. ASOs exhibit a novel and highly
promising set of drugs for personalized medicine. In our strategy, ASOs will be used to
silence target gene expression by hybridization with a specific region of mRNA. To be
efficient, the ASO need to be: 1) specific, 2) create stable double strand with the mRNA, 3)
stable toward enzymatic degradation and 4) need to have a good membrane penetration.
For this purpose, we propose here to functionalize the ASO by a cleavable tag in N6 position
to avoid possible interactions with mRNA and later, once get to the target, the tag will be
cleaved and the activated ASO will be released in a single step by a chemical stimuli.

In this work, two strategies will be examined: the first approach will be based on the Inverse
Electron Demand Diels-Alder (IEDDA) reaction between a tetrazine motif and a
transcyclooctane (TCO),2 while the second approach will focus on the use of a self
immolative linker, containing an allyl group able to react with a Pd catalyst to enable a
cascade of reaction.3 
Selected references 
1 Tu, J., Xu, M., Franzini, R. M. ChemBioChem 2019, 20, 1615-1627.

2 Oliveira, L. L., Guo, Z., Bernardes, G. J. L. Chem. Soc. Rev. 2017, 46, 4895-4850.
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Abstract
Drugs based on modified nucleosides and nucleotides play a crucial role in chemical
therapy of cancer and severe viral infections. Unfortunately, most of these compounds
possess undesirable side effects and other disadvantages. One of the strategies to solve
the problems is elaboration of a novel generation of pharmaceuticals («prodrugs») based
on nucleoside conjugates with lipids.

Nucleoside 6TDG is a new prospective compound with unique antitumor activity [1]. This
study proposes method of producing 6TDG and its phospholipid derivative – 5′-
dimiristoylphosphatidyl-6-thio-2′-deoxyguanosine (DMP-6TDG) using microbial enzymes.

Recombinant Thermus thermophilus purine nucleoside phosphorylase and Escherichia coli
thymidine phosphorylase isolated from earlier engineered strains [2] were engaged in “one
bottle” approach for synthesis of 6TDG from 6-thioguanine and 2′-deoxythimidine. During
the process at least 90% of modified base is converted to the purpose nucleoside. After a
subsequent purification the final yield constituted 73 mol% per initial 6-thioguanine. The
structure of the resulting compound (of about 1 g amount) was confirmed by UV-, NMR-
spectroscopy and mass spectrometry data.

Phospholipid derivative DMP-6TDG was produced in the course of transphosphatidylation
reaction catalyzed by the Streptomyces netropsis phospholipase D, previously used for the
synthesis of various valuable phospholipids [3-5]. Conversion rate of 6TDG into
phosphatidyl nucleoside reached 65 mol%. Purification by column chromatography on silica
gel allowed to obtain 59 mg of DMP-6TDG, providing a final yield of 46 mol% in terms of the
initial nucleoside.

Thus, the successful production of novel compound DMP-6TDG, presumably acting as
prodrug of promising antitumor nucleoside, was demonstrated for the first time. 
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Abstract
Nucleoside 5'-triphosphates (NTPs) are essential biomolecules in all living organisms and
their analogs represent important fine chemicals for applications in medicine and molecular
biology. The chemical synthesis of natural and modified NTPs often is a multi-step
procedure, inefficient and expensive. Despite their advantages only a few applications of
alternative enzymatic approaches have been published so far. Here, we describe a broadly
applicable, sustainable NTP synthesis protocol based on low-cost starting materials which
enables high NTP yields in simple one-pot reactions. 

Initially, an enzyme library consisting of bacterial, viral, insect, and human
(deoxy)nucleoside kinases ((d)NKs), nucleoside monophosphate kinases (NMPKs), and
nucleoside diphosphate kinases (NDPKs) was established covering a broad substrate
spectrum. For enzyme characterization, a semi-automated activity assay was implemented,
using a luciferase to detect adenosine triphosphate (ATP), which acts as a phosphate donor
for most kinases.[a] The developed assay showed good linearity (r² > 0.98) in the range of
0–500 µM ATP and comparable results to HPLC analysis. 

Subsequently, a standardized protocol for the enzymatic synthesis of natural and modified
NTPs was developed.[b] By combining a set of different nucleoside and nucleotide kinases,
it is possible to produce a variety of nucleotide analogs in an enzymatic cascade reaction
using (d)ATP as a phosphate donor. The incorporation of an (d)ATP regeneration system
additionally provided a substantial increase in product yield by a factor of four to nine for
the eight NTP derivatives tested. 
Selected references 
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Glycol nucleic acids (GNA) nucleosides 1 consist of 1,2-propanediol (propylene glycol) chain
attached to the N-atom of the pyrimidine or purine nucleobase. Here, we introduce the idea
of functional GNA (fun-GNA) components (nucleosides/nucleotides). The term functional
refers to any GNA nucleoside/nucleotide which, apart from its inherent hydrogen-bonding
ability, possesses an additional well defined physio-chemical activity (function). In this
communication we report on ferrocenyl-GNA nucleotide ester 2 [1], nucleoside 4 [2] and
pyrenyl-GNA nucleoside 3 [3] which possess redox and luminescence function, respectively.
Poster presentation focuses on synthesis, redox properties of 2 and 4, synthesis of semi-
canonical dinucleotide 5 and luminescent properties of 3. Furthermore confocal microscopy
studies of 3 in HeLa cells will be presented.
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Abstract
Muraymycins (e.g. muraymycin B8, see figure) are a class of nucleoside antibiotics showing
promising activities against many Gram-positive and some Gram-negative bacteria.[1-3]
Their main target is the integral membrane protein MraY that plays an important role in
bacterial peptidoglycan synthesis. With respect to their complex structure, several
simplified analogues of muraymycins have been synthesized and investigated.[3-8] With
facilitated synthetic access, variations in the structure are possible to obtain detailed SAR
insights.

One issue of muraymycins is their limited cellular uptake that hampers their antibacterial
activities. Nature addresses this issue by lipophilic functionalization of the central leucine-
derived unit. As part of our research program on structurally simplified muraymycin
analogues, we have therefore designed novel target structures 1-3 (see figure). Based on
previous results (structures not disclosed), we decided to aim for a series of analogues
containing fatty acid esters of l-serine in the central position of the muraymycin scaffold.
The synthesis and biological properties of these novel lipophilically functionalized
muraymycin analogues will be presented. 
Selected references 
[1] L. A. McDonald, L. R. Barbier, G. T. Carter et al., J. Am. Chem. Soc. 2002, 124, 10260-10261.
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The labeling of nucleic acids is crucial for understanding cellular functions and regulations.
Copper-free “Click” chemistry is one of the most important strategies for labeling cellular
nucleic acids,1 where terminal alkenes have recently emerged as minimalistic modifications
that can serve as reactive groups in catalyst-free bioconjugation reactions. Herein, we aim
to compare the dual-reactivity of 5- vinyl-2'-deoxyuridine (VdU) and 5-(1,3-butadienyl)-2'-
deoxyuridine (BDdU) in both inverse- (invDA) and normal-electron-demand Diels-Alder (DA)
cycloadditions with electron-poor dienes or dienophiles, respectively. We postulated that
the expanded π system in BDdU should result in a higher HOMO energy level than VdU and
therefore enhanced reactivity towards tetrazines (invDA) and maleimides (DA).2
Surprisingly, VdU exhibited greater reactivity towards maleimides with highly efficient
(~90% conversion) post-synthetic labeling of single-stranded as well as duplex DNA in vitro.
We therefore evaluated mechanistic differences between the DA cycloadditions of VdU and
BDdU. Asynchronous bond formation during the Diels-Alder reaction was identified as a key
factor for the enhanced reactivity of VdU. This mechanistic insight has the potential to
advance the rational design of future reactive labels for successful bioorthogonal reactions.
This presentation will include stereochemical analyses of the cycloadducts, solvent
dependent 1H NMR kinetic experiments, and cellular DNA labeling experiments that confirm
a highly desirable asynchronous reactivity of VdU towards various dienophiles. 
Selected references 
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Viral and bacterial diseases have affected humans over centuries caused large epidemics
that killed
millions of people. In this context, the significant development carried out over the last fifty
years in the
field of antimicrobial chemotherapy has made it possible to effectively fight against many
viruses and
bacteria. However, viral and bacterial infections continue to represent a major public health
problem due
to the emergence of new strains resistant to existing treatments1. In view of this, the
development of
new and more active molecules becomes mandatory. One class of drugs that are important
from a
clinical perspective is nucleoside analogues, setting especially pyrimidine nucleosides at C-
5
substituted. The C-5 position is usually the position of choice for introducing substituents in
pyrimidine
nucleosides since it is not involved in Watson–Crick base pairing2. Among them, 2’-
deoxyuridine series
with some heterocyclic function in C-5, shown antitumor and antiviral activity against
several viruses3.
On the other hand, 1,4-Dihydropyridine derivatives (1,4-DHPs) form a class of heterocyclic
compounds
with interesting biological activity such as antihypertensive4, anticonvulsant5, anti-
inflammatory6,
antioxidant7, anticoagulant8, antitubercular9, antimicrobial10, anticancer11, and antiviral
agents12 .Hence,
it was thought worthwhile to functionalize nucleosides at C-5 of pyrimidine nucleobase. By
this, we want
to synthesize new heterocycl C-5-nucleoside including 1,4-dihydropyridines (DHPs).
Towards this aim a
set of one-pot multicomponent reactions (MCRs) employing Hantzsch reaction under
solvent-free
conditions and microwave irradiation. All synthesized compounds were evaluated for their
antimicrobial
activity and cytotoxicity. 
Selected references 
1. Prestinaci , F, Pezzotti, P, Pantosti A. Pathogens and Global Health 2015; 109(7): 309–318.
2. Harris, D. G., Shao, J. Y., Morrow, B. D., Zimmerman, S. S. Nucleosides Nucleotides Nucleic Acids 2004, 23, 555–565.
3. Jordheim, L. P., Durantel, D., Zoulim, F., and Dumontet, C. Drug Discov. 2013 , 12, 447–464.
4. Ravindra MK, Umesh BK, Pankaj KB, Abhinav K, Appalanaidu LD, Tulshiram LD, Sanjay KB.. Bioorg Med Chem 2014;22:5824–30.
5. Prasanthi G, Prasad KV, Bharathi K. Synthesis,. Eur J Med Chem 2014;73:97–104.
6. Shrikanth U, Ramakrishna S, Rajesh R, Airody VA. Synthesis, Eur J Med Chem 2013;70:341–9.
7. Atul K, Ram AM, Siddharth S, Mukesh K, Gitika B. Eur J Med Chem 2010;46:501–9.
8. Surendra KR, Idhayadhulla A, Jamal AN, Selvin J.Eur J Med Chem 2011;46:804–10.
9. Mehdi K, Najmeh E, Katayoun J, Abdolvahab A, Murthy YL,Abdul R, Taraka RM, Jeson PJ, Aruna LK. Bioorg Med Chem Lett
2012;22:6016–23.
10. Kalam S, Darna B, Garlapati A, Vanga MR.. Eur J Med Chem 2011;46:1564–71.
11. Hebat AA, Wael AS, Nahed MF.Eur J Med Chem 2010;45:973–82.
12. Andreas H, Andreas B, Hauke L. Eur J Med Chem 2001;36:367–74.

59



60



P23 - Modification of purine base: SNAr reactions of
bistriazolylpurines and purine ring opening

1. Nucleoside Chemistry 
Dace Cīrule1 , Kārlis-Ēriks Kriķis1, Agnija Ritere1, Andris Jeminejs1, Jānis Miķelis Zaķis1,
Zigfrīds Kapilinskis1, Dinesh Kumar1, Ērika Bizdēna1, Irina Novosjolova1, Māris Turks1 
1 Institute of Technology of Organic Chemistry, Faculty of Materials Science and Applied
Chemistry, Riga Technical University, Riga, Latvia

2,6-Bistriazolylpurine derivatives are useful moieties for SNAr reactions with different
nucleophiles. In our study we have developed mild conditions for SNAr reactions with O, C,
P and Se nucleophiles, using triazolyl ring at C6 position of purine as a good leaving group.
Primary and secondary alcohols as O-nucleophiles were used for nucleophilic substitution
reactions, giving products up to 85% yield [1]. Malonitrile, dimedone, ethyl cyanoacetate
and diethyl malonate were used as C-nucleophiles in the presence of NaH for the
introduction of C-C bounded substituent at C6 position of purine [1]. C6- phosphonated 2-
triazolylpurine derivatives were obtained in SNAr-Arbuzov type reaction between
bistriazolylpurines and alkyl phosphites up to 82% yield [2]. 6-Selanyl-2-triazolylpurine
nucleosides were obtained in yields up to 82%, using alkyl/aryl diselenides in the presence
of reducing agent.

Purine derivatives can be opened at both pyrimidine and imidazole rings [3]. In our study
azido group can be used as regioselectivity switch in SNAr reactions of purines, due to the
presence of azido-tetrazolo equilibrium. Tetrazole formed at C6 position of purine can direct
the nucleophile towards an attack at C2 position. Based on this equilibrium and used
optimized conditions pyrimidine ring of purine was opened, giving imidazolyl-tetrazole
derivatives. 

The synthetic routes towards C6-substituted 2-triazolylpurine nucleosides, C2 substituted
purine derivatives and purine ring opening products will be discussed. 
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2-Fluorocordycepin (2-fluoro-3’-deoxyadenosine) is known as anticancer and antiviral agent.
New method of the chemoenzymatic synthesis of 2-fluorocordicepin (5) is suggested. The
lithium salt of 1-phosphate 3-deoxyribose (3-dRib-1-P) (4) and 2-fluoroadenosine were used
as a donor of 3-deoxy-D-ribofuranose and of 2-fluoroadenine correspondingly. The reaction
was catalyzed by recombinant E. coli purine nucleoside phosphorylase (PNP).

D-Xylofuranose (1) was used as a starting compound for synthesis of 4 (Scheme). First, 1-
and 2-OH groups were protected by isopropylidene residue. Subsequent acylation with
thiocarbonyldiimidazole in presence of dimethylaminopyridine followed by deoxygenation
leaded to protected carbohydrates 2 and 3. After full deprotection a mixture of 3-dRib-1-P
and 3-dRib-2-P of compound 4 as lithium salt was obtained. All intermediates were isolated
and characterized by mass- and NMR-spectroscopy. 
Compound 4 was found to be a good substrate for recombinant E. coli PNP. The optimal
conditions for synthesis of the target product 5 were determined:  ratio of lithium salt of 1-
Р-3-dRib:2FAdo – 3:1, PNP 1050 u.a., 50 oC, 10 mM KH2PO4 (pH 8.0).

The reaction time was 168 h with the maximum conversion of 2-fluoroadenosine to the
product 57%. The semi-preparative synthesis of 2-fluorocordycepin under those conditions
was performed with 38% yield.

This research was funded by the Russian Science Foundation (Project No. 21-13-00429). 
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Umami taste is elicited predominantly by the presence of L-glutamate and purine 5’-
ribonucleotides, in particular guanosine and inosine 5’-monophosphates. A significant
peculiarity of umami compounds is their capacity to interact synergistically.[1]

A possible explanation of such phenomenon at a molecular level is that both L-glutamate
and ribonucleotides may interact simultaneously with the extracellular “Venus flytrap”
(VFT) domain of the umami receptor (a heteromeric complex of two class C G protein-
coupled receptors, T1R1 and T1R3), but at different sites.[2] Starting from this model, we
reasoned that hybrid compounds, containing the two umami moieties covalently connected
through flexible linkers of variable length, could be able to reach both umami receptor sites
through a single molecule, thus giving a further insight into the mechanism of synergism.

Molecular Dynamics simulations performed on the homology model of the VFT domain
suggested that a chain of at least eight carbon atoms is requested to allow the interaction
of both L-glutamate and the 5’-ribonucleotide with their respective binding sites.

We present here the synthesis of purine 5’-ribonucleotide-glutamate hybrids 3 and 4
(Figure 1), characterized by long flexible linkers consisting of eight and ten carbon atoms,
respectively, as well as of hybrids 1 and 2, characterized by shorter chains and used as
negative controls. Key step in the synthetic route was the activation of the 2-position of the
purine ring as a 2-bromo derivative, followed by substitution with the proper diamines.

All umami hybrids were tested with the functionally expressed T1R1/T1R3 umami receptor
in a cell-based assay.[3] 
Selected references 
[1] W. Wang, X. Zhou, Y. Liu, Trends Anal. Chem. 2020, 127, 115876
[2] F. Zhang, B. Klebansky, R. M. Fine, H. Xu, A. Pronin, H. Liu, C. Tachdjian, X. Li, PNAS 2008, 105, 20930-20934
[3] B. Suess, A. Brockhoff, A. Degenhardt, S. Billmayer, W.Meyerhof, T. Hofmann, J. Agric. Food Chem. 2014, 62, 11429-11440

63



P26 - Structure-Activity Relationship (SAR) study of novel nucleoside
A2A adenosine receptor antagonist as immune-oncology agents

1. Nucleoside Chemistry 
Gibae Kim1 , Xiyan Hou1, Gyudong Kim1, Dnyandev Jarhad1, Woongsub Byun1, Sang Kook
Lee1, Lak Shin Jeong1 
1 Research Institute of Pharmaceutical Sciences, College of Pharmacy, Seoul National
University, Seoul 08826, Korea;

A2A adenosine receptor (A2AAR) is a subtype of adenosine receptors, and its antagonists
have been studied extensively as immune-oncology agents. Because of the structural
similarity with an endogenous ligand, adenosine, a number of modified nucleosides have
been developed as A2AAR agonists, but only modified purine or heterocyclic compounds
were discovered as full antagonists. Namely, the removal of ribose part has been chosen as
the first option to switch an agonistic effect, because the ribose moiety is considered as the
crucial part of receptor activation. Herein, based on structural drug design, we first
developed A2AAR antagonist with a nucleoside skeleton. The 22 compounds were
synthesized through structure-activity relationship (SAR) study using Vorbrüggen
glycosylation, and regio-selective Pd catalyzed cross-coupling reaction as key steps. Among
them, the most potent compound showed high binding affinity (Ki = 7.7 nM), and full
antagonist effect in cAMP functional assay to A2AAR. Also, in vivo anti-cancer effect was
estimated, and it showed a significant synergic effect with immune checkpoint inhibitor,
Keytruda. In addition, the X-ray co-crystal structure was also revealed using the synthesized
compound. To conclude, the novel nucleoside A2AAR antagonists were discovered with SAR
study and structural drug design. The most potent compound was confirmed that it can be
a promising drug candidate as immune-oncology agent through in vivo anti-cancer efficacy
test. Also, the newly revealed X-ray co-crystal structure of nucleoside A2AAR antagonist and
SAR data of this study can give deep insight into understanding receptor activation. 
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The modification of the nucleoside analogs via various catalytic functionalization for the
synthesis of a potential drug candidates as well as fluorescent molecules has been the
methodology of research carried out for the past several decades. However, efficient and
sustainable catalytic protocols that could address the several unsolved challenges plaguing
the nucleoside/nucleotide application research area is the need of the hour with the advent
of the current Covid-19 pandemic. Some of these issues could be enlisted below as

Lack of low temperature or room temperature protocols given the thermally labile
glycosidic bond
Late-stage modification strategies are not well developed
Reduction of synthetic steps for the synthesis of nucleoside-based antivirals
Lack of flow technology-based solutions for rapid nucleoside/nucleotide modifications

All the above problems have been addressed as a part of the research conducted in our
research group and wherever possible the technology developed has been scaled-up in
conjunction with a commercial partner. Besides these developments, employment of the
modified fluorescent nucleosides as potential small molecule proteins sensors has also
been explored. 
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The modification of the natural nucleosides via various catalytic functionalization
technologies has been the methodology of research carried out for the past several
decades. However, with the advent of the current Covid-19 pandemic, efficient and
sustainable catalytic solutions that could address the several unsolved challenges plaguing
the nucleoside/nucleotide application research area. Some of these issues could be enlisted
below as

Lack of low temperature or room temperature protocols given the thermally labile
glycosidic bond
Late-stage modification strategies are not well developed
Reduction of synthetic steps for the synthesis of nucleoside-based antivirals
Lack of flow technology-based solutions for rapid nucleoside/nucleotide modifications

All the above problems have been addressed as a part of the research conducted in our
research group and wherever possible the technology developed has been scaled-up in
conjunction with a commercial partner. Besides these developments, employment of the
modified fluorescent nucleosides as potential small molecule proteins sensors has also
been explored. 
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The 5’ end of eukaryotic mRNA is terminated by a unique structure called the 5' cap. The 5'
cap consists of 7-methylguanosine (m7G) linked to the first transcribed nucleotide via the
5',5' triphosphate bridge. In eukaryotic cells, the m7G cap is responsible for the maturation,
transport, and turnover of mRNA and plays a crucial role in theinitiation of protein
biosynthesis1. Therefore, chemically modified m7G cap analogs have been found as
interesting objects for modification of mRNA. Chemically modified m7G cap analogs have
been used as molecular tools in biological studies and as building blocks to design mRNA-
based therapeutics2. However, efficient synthesis of m7G cap analogs with superior
biological properties, especially in bulky amount is still challenging and time-consuming.
Herein, we explored a novel pathway for the synthesis of trinucleotide cap analogs by
incorporating a triazole moiety accessible via click chemistry and evaluated the biological
properties of the resulting compounds. We found an innovative approach to fast and
efficient synthesis of trinucleotide cap analogs using copper-catalyzed azide- alkyne
cycloaddition (CuAAC). After the synthesis, we incorporated a series of obtained cap
analogs into RNA encoding Gaussia luciferase via in vitro transcription (IVT) and
investigated the translation properties of obtained transcript in rabbit reticulocyte lysates
and in living cells.

This work was supported by the Foundation for Polish Science (TEAM/2016-2/13) 
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Abstract
Leishmaniasis and trypasoniomasis are severe parasitic infections that have important
impacts in veterinary and public health, affecting the poorest populations. The therapeutic
arsenal against these tropical neglected diseases is limited and resistance emergence to
the available medicines complicates the treatment. The kinetoplastid parasites are
transmitted via the bite of insects and need to adapt their genes to the new host. In the last
years, the importance of epigenetic regulation in these parasites has been highlighted.
Thus, the study of new epigenetic mechanisms could provide new therapeutic perspectives
in such disease where drugs are lacking.

b-d-Glucosyl-5-hydroxymethyluracil (glc-5hmU) or base J is a rare hyper-modified
nucleobase discovered in kinetoplastid DNA (1) that seems to be crucial for the parasite
survival. In this study, we will present an optimized synthetic chemical route to access to
the nucleobase J and several related nucleosides analogues that could have the potential to
interfere with either an enzyme directly involved in the biosynthesis of base J, or with J
binding proteins. The results of the biological evaluation of a collection of selected
synthesized molecules on several parasites will be presented 
Selected references 
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Nucleosides undergo numerous post-transcriptional modifications that affect the gene
expression. Up to date, over 140 different chemical modifications of RNA have been
discovered, most of which are located at different positions of nucleobases.[1] Many of
these modifications are still poorly characterized, and further research is hampered by the
limiter access to molecular tools containing such modified nucleotides. 

A commonly used method of obtaining oligonucleotides is the phosphoramidite method
carried out on a solid support. The incorporation of nucleotides other than canonical A, C, G,
T, and U usually requires the multistep synthesis of appropriate, commercially unavailable
building blocks, which makes the process more laborious. The aim of the research was to
simplify the synthesis route for the preparation of modified phosphoramidites. The
reactions were carried out in a two-phase system in the presence of base and Bu4NBr as a
catalyst.[2]

We were able to obtain phosphoramidites modified at the N1 and N6 positions of
adenosine, N3 and N4 positions of cytosine, N1 and N2 position of guanosine, and at the N3
position of uridine and thymidine as a result of one-pot reaction of electrophilic molecules
such as alkyl halides or organic isocyanates with commercially available nucleoside
phosphoramidites. Using this approach, we obtained 20 compounds suitable for the
synthesis of oligonucleotides, including 9 containing naturally occurring modifications (e.g.,
m6A, m1A, i6A, g6A, m3C, m4C, m3U, m1G, m2G).

This work was supported by grant from the National Science Centre of Poland
(2019/33/B/ST4/01843) 
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Abstract
RNAs undergo numerous post-transcriptional modifications regulating their fate and
function at the cellular level. Among these modifications, methylation at the N6 position of
adenosine (m6A) in mRNA is crucial for RNA metabolism, stability, and other important
biological events. These modifications are installed by m6A RNA methyltransferases (m6A
rMTases) that catalyze the transfer of the methyl group of the S-adenosyl-L-methionine
(SAM) cofactor following an SN2 mechanism to the N6 position of adenosine (Scheme 1A).
In humans, the deregulation of m6A rMTase activity is associated with many diseases
including cancer, neurological or metabolic diseases.1 However, rMTases remain little
studied, due to a lack of structural data. The RNA recognition process and the molecular
mechanism involved in methyl transfer, in particular, are to be elucidated. Here, we report
the synthesis of SAM-adenosine conjugates which were designed as potential bisubstrate
analogues of m6A rMTases (Scheme 1B) that could be used for structural studies. These
conjugates, which contain a triazole linker branched at N-6 position of adenosine, were
obtained by organometallic post-functionalization reactions such as Copper(I)-Catalyzed
Alkyne-Azide Cycloaddition (CuAAC) and palladium catalyzed cross- couplings (Scheme
1C).2 
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Abstract
Synthesis of ribofuranose analogues of 7-deaza-8-azapurine nucleosides and their biological
evaluations are reported in literature. However, the synthesis of 7-substituted 2’-Deoxy-7-
deaza-8-azapurine analogues and not explored. Hence we have decided to uncover the
synthetic path and antiviral and cytotoxicity of new 7-substituted 2’-Deoxy-7-deaza-8-
azapurine analogues.  Glycosylation of 6-amino-4-methoxy-1H-pyrazolo[3,4-d]pyrimidine
and its iodo-  analogues with the Hoffer’s Chloro sugar  resulted in the synthesis of 2’-
deoxy-7-deaza-8-azapurine nucleosides. 7-substituted 2’-Deoxy-7-deaza-8-azapurine
analogue synthesis are in progress via Suzuki Coupling and Ullmann coupling of 7-Iodo 2’-
Deoxy-7-deaza-8-azapurines. This effort on the synthesis and biological activity of 7-
substituted 2’-Deoxy-7-deaza-8-azapurine analogues will be presented as poster. 
Selected references 
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Nearly 300 million people suffer from chronic infections of hepatitis B virus (HBV) worldwide
despite the availability of a highly effective vaccine. Current treatments are primarily
nucleos(t)ide analogues, with L-nucleosides showing high efficacy such as lamivudine
(3TC), clevudine (L-FMAU), and telbivudine (LdT). However, these treatments fail to
completely eradicate the virus in chronic infections and instead must be continued lifelong
to maintain viral suppression. Additionally, drug resistance is a common occurrence with
long-term treatment causing previously effective therapies to be rendered useless. Thus, it
is imperative that novel nucleoside analogues are developed to combat the rise of drug
resistance and achieve a cure.

This work focuses on the application of “reverse fleximer” technology to nucleosides with
known anti-HBV activity as a method of potentially overcoming drug resistance, including
reverse fleximer analogues of 3TC, L-FMAU, and LdT. Fleximers are a shape-modified class
of nucleosides with potent, broad-spectrum antiviral activity first introduced by Seley-
Radtke in 2001 in which flexibility is imparted to the nucleoside via splitting of the purine
ring system through insertion of a carbon-carbon bond between the pyrimidine and
imidazole moieties. Reverse fleximers were later developed in which the pyrimidine is
bonded directly to the sugar instead as a method of mimicking substituted pyrimidines
while maintaining the split purine ring system. This could allow for recognition by both
purine and pyrimidine-metabolizing enzymes while the added flexibility could overcome
point mutations within the enzyme binding site. The design and synthesis of such
compounds, along with preliminary biological data, are reported herein. 
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Abstract
Nucleic acid analogues play a multifaceted role in biology and materials science. Our efforts
towards unveiling these roles led to xanthine derivatives that form higher–order structures
with quadruplex-forming abilities. In this paper we present further modifications of the
xanthine core resulting into 9-deaza and 8-aza-9-deaza heterocycles (pyrrolo[3,2-
d]pyrimidines and pyrazolo[4,3-d]pyrimidines, respectively) that form tetrads and other
higher–order structures. Additionally, the ring contraction of 5-fluoro-2′,3′-O-
isopropylideneuridine gave rise to the formation of an imidazolidine-4-carboxylic acid
nucleoside derivative. Our computational predictions forecasted that the latter derivative
will form stable triads. 
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The extension of DNA-templated synthesis to allow programmed, sequence-controlled
oligomer synthesis by synthetic molecular machinery is a project with immense potential
for chemical discovery by selection and directed evolution.1,2  However, a major limitation
of using DNA as a supramolecular scaffold to colocalise reactants, thereby promoting
reactions in a defined sequence, is the degradation of the linkers between reactive building
blocks and their DNA adapters in the aqueous conditions required for DNA
hybridisation.3,4,5 Thus, the development of an efficient DNA mechanism to enhance the
lifetime of the reactive building block adapters represents one of the major goals in DNA-
templated synthesis. We explored the potential of a DNA architecture in which reactants
are tethered at internal abasic sites on opposite strands of a DNA duplex. We were able to
use the abasic site within the DNA duplex to protect a nearby thioester from degradation,
increasing the yield of a DNA-templated reaction. This protective effect could be exploited
to overcome longstanding challenges associated with the autonomous synthesis of artificial
sequence-defined polymers. 
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Abstract
Since their introduction in 2003, universal solid supports of 7-oxabicyclo[2,2,1]heptane
family [1] became a widely accepted tool in the synthesis of oligonucleotides. Herein, we
present a novel type of universal supports based on a different scaffold. As compared with
the best commercial examples, the novel support affords a substantial improvement in the
rate of the cleavage of the universal linker from synthetic oligonucleotides via the 3'-
dephosphorylation. 
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Abstract
Nucleoside and oligonucleotide 5’-triphosphates or 5’-phosphates are important molecules
in such biochemical applications as substrates for polymerases or ligases in gene
syntheses, primers for RNA amplification, enzymatic conversions, and in gene silencing
techniques[1]. Oxazaphospholidine and Thermolabile Protecting Groups (TPGs)
phosphoramidite were easily incorporated into nucleosides, which creates nucleoside
phosphates. [2] Currently, we present a novel concept and efficient method for nucleoside
5‘-triphosphate synthesis by pyrophosphate treatment of 3-(2-Pyridinyl)-[1,3,2]-
oxazaphospholidine and 5‘-phosphate by thermal removal of the TPG from the phosphate
center. Proposed mechanisms for the triphosphate formation and the deprotection of the
phosphate center are an example of how useful TPGs are in protecting a phosphate center.

Triphosphate formation

The key stage of the presented synthesis approach is the attack of tris(tetra-n-
butylammonium) hydrogen pyrophosphate on 3-(2-pyridinyl)-[1,2,3]-oxazaphospholidine
with simultaneous protonation of a nitrogen atom. Consequently, the ring opens by
generating a linear form of the leaving TPG, which facilitates further transformation (Figure
1). The TPG is immediately removed by two simultaneous processes: a substitution at the
phosphorus center, and an intramolecular thermocyclisation.

Thermosensitive reagent for phosphorylation

The structure of the developed phosphorylation reagent contains two thermolabile
protecting groups. When incorporated into a nucleoside or oligonucleotide, the oxidation
state changes to P(V), and the first of the thermolabile groups is removed spontaneously
 (Figure 1). After cleavage from the support and removal of protecting groups in mild
conditions, the second thermolabile protecting group still remains. Heating for 2 hours at 50
ºC leads to its removal and the phosphate monoester is being obtained.[3] 
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Abstract
RNA undergoes various chemical modifications after transcription, and more than 150
different modifications such as methylation, hydroxylation and acetylation have been
reported in various classes of RNAs in all kingdoms of life1. In transfer RNAs (tRNA),
ribosomal RNAs (rRNA), and other non-coding RNAs, modifications are considered to be
important for the proper folding and function of each RNA. In messenger RNA (mRNA),
methylation is one of the most abundant modifications, with implications in the regulation
of gene expression. Methylated nucleotides in RNA can change the RNA-protein interactions
and modulate other physical properties of RNA (e.g. base pairing pattern, charge,
hydrophobicity). Recently, our research group reported a methyltransferase ribozyme MTR1
that can catalyze the site-specific RNA modification2. MTR1 uses O6-methylguanine as a
small-molecule cofactor to target adenosine, and induces the trans-methylation reaction to
N1 nitrogen at adenosine, thereby generating the natural modification m1A. It is possible to
consider that such methyltransferase ribozymes were responsible for the primitive epi-
transcriptomes. However, only a limited number of modification patterns and functional
groups can be installed by ribozymes. To overcome this limitation, new ribozymes need to
be identified. We decided to transfer of an alkyne group, which can be easily derivatized by
copper catalyzed azide alkyne cycloaddition (CuAAC). We designed a new co-factor which
will serve as propargyl donor, and we developed a new ribozyme candidate by in vitro
selection from a random RNA library. We expect that the ribozyme will be a useful tool for
RNA research. 
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Chiral communications exist in secondary structures of foldamers and copolymers via a
network of noncovalent interactions within effective intermolecular force (IMF) range. It is
not known whether long-range chiral communication exists between macromolecular
tertiary structures such as peptide coiled-coils beyond the IMF distance. Harnessing the
high sensitivity of single-molecule force spectroscopy, we investigate the chiral interaction
between covalently linked DNA duplexes and peptide coiled-coils by evaluating the binding
of a diastereomeric pair of three DNA-peptide conjugates. We find that right-handed DNA
triple helices well accommodate peptide triple coiled-coils of the same handedness, but not
with the left-handed coiled-coil stereoisomers. This chiral communication is effective in a
range (< 4.5 nm) far beyond canonical IMF distance. Small-angle X-ray scattering and
molecular dynamics simulation indicate that the interdomain linkers are tightly packed via
hydrophobic interactions, which likely sustains the chirality transmission between DNA and
peptide domains. Our findings establish that long-range chiral transmission occurs in
tertiary macromolecular domains, explaining the presence of homochiral pairing of
superhelices in proteins. 
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Abstract
The use of mesoscopic models to describe the thermodynamic properties of locked nucleic
acid (LNA)-modified nucleotides can provide useful insights into their properties, such as
hydrogen-bonding and stacking interactions. In addition, the mesoscopic parameters can
be used to optimize LNA insertion in probes, to acheive accurate melting temperature
predictions, and to obtain duplex opening profiles at the base-pair level. Here, we applied
this type of model to parameterize a large set of melting temperatures for LNA-modified
sequences, from published sources, covering all possible nearest-neighbor configurations.
We have found a very large increase in Morse potentials, which indicates very strong
hydrogen bonding as the main cause of improved LNA thermodynamic stability. LNA-
modified adenine-thymine (AT) was found to have similar hydrogen bonding to unmodified
cytosine-guanine (CG) base pairs, while for LNA CG, we found exceptionally large hydrogen
bonding. In contrast, stacking interactions, which were tought to be behind the stability of
LNA, were similar to unmodified DNA in most cases. We applied the new LNA parameters to
the design of BRAF, KRAS and EGFR oncogene variants by testing all possible LNA
modifications. Selected sequences were then synthezised and had their hybridization
temperatures measured, achiving a prediction accuracy within 1 °C. We performed a
detailed base-pair opening analysis to discuss specific aspects of these probe
hybridizations that may be relevant for probe design. 
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Abstract
Thionucleosides are frequently found in tRNAs of all types of organisms, playing various
roles from structural stabilization to codon recognition. Thio modifications – or lack thereof
–  especially within the anticodon loop are connected to a number of diseases, making
thiolated tRNA an interesting diagnostic target. In this context, a 6-phenyl-1H-carbazole C-
nucleoside has been synthesized and incorporated in the middle of an oligonucleotide
sequence. Mercuration of this purified ON sequence selectively mercurated at the modified
carbazole at positions 1 and 8. This reaction gives two mono mercurated (1 and 8) and one
di mercurated (1,8) ON sequences. 1-mercuri-6-phenyl-1H-carbazole and 8-mercuri-6-
phenyl-1H-carbazole are able to discriminate between 2- and 4-thiopyrimidines. Like APM
gel electrophoresis, our method harnesses the high affinity between mercury and sulfur but
has the distinct advantage of also making use of sequence information. Moreover the
affinity of the mercurated oligonucleotide toward complementary strands placing each of
the canonical nucleobases opposite to the organomercury nucleobase analogue was
examined by ultraviolet (UV), circular dichroism (CD) spectroscopy analyses. According to
the UV melting profile analysis, the organomercury nucleobase analogue showed increased
affinities in most of the cases. The CD profiles indicated the typical B-type helix in each
case. According to DFT calculations performed at the PBE0DH level of theory suggested
that the high Tm of duplexes with mono mercurated when placing  2- and 4-thiopyrimidines
opposite due to high affinity of Hg with Sulfur and H-bond between the carbazole NH and
keto oxygen atoms. 
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Abstract
Routine chemical synthesis of nucleic acids is being performed on solid supports for several
reasons. Firstly, removal of any excess of reagents by washing is simple; secondly, delivery
of a large excess of substrates (often up to a 20-fold excess over the support-bonded
oligomers) increases the rate and decreases the coupling time. However, the scale-up
limitation is a major drawback of this synthetic approach. Utilization of a glass support with
substantial porosity results in a large specific surface area, but its hydrophobicity makes
liquids unable to penetrate the surface. By modifying it with organofunctional silanes, the
change of its character becomes possible. [1]

The main purpose of our ongoing studies is to obtain new materials with the highest
possible effective (surface) concentration of amine functions, enable to induce growing of
oligonucleotide chains on the modified glass surface. One of the promising pathways is the
utilization of dendrimerically structured polyhedral oligomeric silsesquioxane (POSS). [2]
POSS dendrimers are equipped with more than one amine group, which may result in
better effectiveness of such material for the nucleic acid synthesis. To determine amine
function concentration correctly and accurately, the routine method of Ruhemann’s purple
UV-Vis absorption was accommodated accordingly.

Completed syntheses indicated that chemical modifications of solid support with
organofunctional silanes containing amine-reach dendrimeric structures are suitable for
nucleic acid syntheses, which was confirmed by HPLC analysis on RP-18 and ion-exchange-
type columns. 
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Abstract
DNA-encoded library (DEL) has been attracting attention in recent years as a powerful tool
for drug discovery. To obtain diverse DELs, many DNA-compatible chemical reactions have
been developed. Among the most commonly used reactions in medicinal chemistry,
multicomponent reactions (MCRs) can lead to the generation of various compounds in a
one-step reaction. In particular, the Ugi reaction produces a peptoid scaffold from a
carboxylic acid, an aldehyde, an amine, and an isocyanide. This reaction can rapidly
provide compound libraries for developing lead structures in medicinal chemistry. Under
such a background, we developed a solution-phase synthesis for the peptoid-conjugated
oligonucleotides based on the Ugi reaction. By using amino acids protected by 4-
nitrophenoxycarbonyl group as carboxylic acid reagents, peptoids with activated
carbamate moieties were obtained. These peptoids were then treated with oligonucleotides
with an aminohexyl linker to give various peptoid-conjugated oligonucleotides in good
yields. The obtained peptoids could be substituted by a Suzuki cross-coupling and by
hydrolysis of the carboxylate ester, followed by condensation with amines. As the results, a
total of 119 peptoid-conjugated oligonucleotides could be synthesized. Our approach based
on the Ugi reaction, which is applicable to solution-phase synthesis, will promote drug
discovery using DELs. 
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Abstract
Light is an excellent tool to gain spatio-temporal control of the function of biomolecules.
However, in order to use photocleavable protecting groups for the local activation of
therapeutic oligonucleotides, these must lie within the phototherapeutic window (650 nm -
850 nm), to guarantee a sufficiently high penetration depth. We have synthesized a red
light-cleavable Cy7 linker that can be post-synthetically attached to oligonucleotides via
Cu(I)-catalyzed click reaction. Thus, in a first example, a red light-inducible thrombin-
binding aptamer could be synthesized for local control of blood coagulation and
successfully deactivated in blood by irradiation. 
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Abstract
The demand for denser DNA and RNA microarrays has significantly increased over the past
decade. This need is driven by many novel applications in the fields of molecular biology,
diagnostics, vaccine development, and DNA-based data storage [1]. These require high-
density platforms for the in-situ synthesis and assembly of large pools of oligonucleotides.
The phosphoramidite method has been a reliable synthesis workhorse over the past 30
years, and enzyme-based approaches are maturing rapidly [2]. Recently, DNA synthesis on
nanoscale electrodes was achieved [3], paving the road toward denser oligonucleotide
arrays.

At imec, we are working on increasing electrode density and lowering synthesis cost [4].
We show the scaling of electrochemical DNA synthesis down to 600 nm diameter electrodes
(Fig. 1a), together with advances in microfluidic delivery of reagents to reduce both reagent
consumption and synthesis cycle time (Fig. 1b). We believe that these advances are
essential to enable the next generation of oligonucleotide micro-array technology and
empower a new generation of applications. 
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mRNA is an invaluable tool for therapeutic applications. Usually carrying a classic 7-
methylguanosine 5′ cap (m7G) in eukaryotic cells,1 several non-canonical caps have
recently been identified, including NAD, FAD, and UDP-glucose derivatives.2 Their function
is however not yet understood and triggers the requirement for an easy access to RNA
probes of high quality. We designed and developed a series of trinucleotide capping
reagents that provide straightforward access to these unconventionally capped RNAs, as
well as a set of NAD analogues – aiming to confer on RNA with resistance to
deNADding,3 and fluorescently labeled m7G cap. We optimized in vitro transcription
conditions and showed the importance in the choice of transcription start site of T7
polymerase. Furthermore, since labeled RNAs have been widely used to study intracellular
roles and biological functions of RNAs, we explored the T4 RNA ligase mediated 3’end
labeling of RNA. Using functionalized adenosine 3’,5’-bisphosphates and applying a chemo-
enzymatic approach on uncapped RNAs or m7G- and NAD-capped RNAs, we obtained mono
or dually labeled/tagged RNAs (35 nt long or mRNA).4 Overall, the 5’ and/or 3’ modification
methods delivered labeled RNAs as invaluable probes for unraveling their biological
functions, in particular for studying decapping.

The research was financially supported by the National Science Centre, Poland (2015/18/
E/ST5/00555, 2019/33/B/ST4/01843, UMO-2018/31/B/ST5/03821). 
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Abstract
mRNA is an invaluable tool for therapeutic applications. Usually carrying a classic 7-
methylguanosine 5′ cap (m7G) in eukaryotic cells,1 several non-canonical caps have
recently been identified, including NAD, FAD, and UDP-glucose derivatives.2 Their function
is however not yet understood and triggers the requirement for an easy access to RNA
probes of high quality. We designed and developed a series of trinucleotide capping
reagents that provide straightforward access to these unconventionally capped RNAs, as
well as a set of NAD analogues – aiming to confer on RNA with resistance to
deNADding,3 and fluorescently labeled m7G cap. We optimized in vitro transcription
conditions and showed the importance in the choice of transcription start site of T7
polymerase. Furthermore, since labeled RNAs have been widely used to study intracellular
roles and biological functions of RNAs, we explored the T4 RNA ligase mediated 3’end
labeling of RNA. Using functionalized adenosine 3’,5’-bisphosphates and applying a chemo-
enzymatic approach on uncapped RNAs or m7G- and NAD-capped RNAs, we obtained mono
or dually labeled/tagged RNAs (35 nt long or mRNA).4 Overall, the 5’ and/or 3’ modification
methods delivered labeled RNAs as invaluable probes for unraveling their biological
functions, in particular for studying decapping.
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E/ST5/00555, 2019/33/B/ST4/01843, UMO-2018/31/B/ST5/03821). 
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Abstract
Covalent conjugation of lipids to therapeutic oligonucleotides is a promising cellular
delivery approach, especially for extrahepatic targets beyond the reach of the trivalent
N-acetylgalactosamine platform[1–4]. Existing strategies for lipid modification, particularly
modification at the oligonucleotide 3’ end, present several challenges. First, usage of lipid-
modified solid support can generate an array of lipid-bearing impurities which are poorly
separated from the product by common preparatory HPLC methods. Conversely, post-
synthetic modification enables the use of high quality, fully characterized oligonucleotides,
but is often laborious[5], requiring high equivalents of conjugate and/or or specialized
equipment[6]. Additionally, even effective post-synthetic strategies[7] are incompatible with
lipids such as cholesterol which aren’t soluble in DMSO:ACN mixtures. We therefore present
a facile strategy for post-synthetic modification of 3’ amine-modified siRNA oligonucleotides
with NHS-cholesterol using a simple H2O:DMSO:DCM solvent system. Through this system
it is possible to use relatively low equivalents of cholesterol to achieve clean conversion to
the product, which has excellent baseline separation from the starting material by IP-RP-
HPLC. Furthermore, we demonstrate that this strategy works across multiple
oligonucleotide sequences and 3’ amino modifiers.  
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The chemical hydrolysis of the amide bond is mainly performed in harsh conditions. Yet, in
Nature, the ubiquitous peptide bond is quite easily hydrolyzed thanks to serine proteases
bearing a catalytic triad composed of three cooperative amino acids (aspartate, serine and
histidine), found within the catalytic site of the enzyme.1

The goal of our project is the rational design of nucleic mimics capable of performing this
hydrolysis by means of functionalized oligonucleotides (FuON), that are covalently modified
to expand their catalytic repertoire towards protease-like DNA catalysts.2 A library of FuON
bearing amino acid side chains-like residues was obtained using “click” chemistry between
two partners: a convertible oligonucleotide (CvON) synthesized using a convertible
alkyne phosphoramidite via solid phase phosphoramidite approach, and a tri-functionalized
azide building block (“Tripod”- Figure).3

With carefully designed sequences and thanks to oligonucleotides’ ability to self-assemble,
the obtained FuON were arranged into flexible secondary structures (such as bulges or
hairpins) by the use of a pertinent modified (or not) complementary strand. The catalytic
properties of those DNA catalysts were then evaluated with chromogenic ester or amide
substrates, presented either on the complementary strand of the FuON (A.1) or free in
solution (A.2) to study turn-over possibility. We are also working on aptamer sequences in
order to ally recognition and catalytic properties to construct an aptazyme able to perform
the specific hydrolysis of a fluorogenic amide or ester substrate (B). 
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Abstract
Photocaging of biomolecules is a powerful tool for structural research, RNA localization, or
regulation of biochemical processes. One of the major drawbacks of traditional photocages
are their absorption maxima situated within the UV region. UV light can cause cell damage
and has a low penetration depth in tissue. Therefore, the need for red-shifted photocages
keeps growing. In combination with photo-tethering, a strategy where caging is achieved
through click-cyclization of oligonucleotides, these cages allow for the efficient caging of
oligonucleotides. Different green-light activatable phosphoramidites were synthesized
based on the BODIPY and coumarin scaffold that can be used in oligonucleotide synthesis
as 5’-caps, nucleobase cages, or phosphate cages. With only minimal modifications
installed, a huge decrease in duplex melting temperatures could be observed and the
native melting temperature could be fully restored after irradiation with green light. 
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While natural ribozymes are limited to a narrow range of chemical catalysis, numerous
riboswitches exist in nature that bind small molecule co-factors with high specificity and
selectivity. The glmS riboswitch-ribozyme is the only known natural co-factor-binding RNA,
which also catalyzes a chemical reaction. In vitro selection of artificial ribozymes has
revealed the potential of RNA to catalyze a much broader range of reactions. However, very
few structures of non-natural ribozymes have been determined so far, which limits our
mechanistic understanding of RNA catalysis.

Recently, the first methyltransferase ribozyme, named MTR1, was discovered in our lab.[1]
It catalyzes the site-specific attachment of a methyl group to the N1 position of an
adenosine in the target RNA, i.e. producing m1A, using O6-methylguanine (m6G) as the co-
factor. This presentation will discuss the structure and mechanism of MTR1-catalyzed RNA
methylation. The crystal structure was solved at a resolution of 2.8 Å,[2] captures the post-
catalytic state of the ribozyme, and reveals a guanine binding site with structural
similarities to that of natural purine riboswitches. The plausible catalytic mechanism
involves general acid catalysis by a protonated nucleobase. Installation of two 2’-O-methyl
ribose modifications in the ribozymes active site shows a synergistic effect leading to
acceleration of the methyl group transfer by an order of magnitude. These findings provide
new insights into RNA catalysis and support the hypothesis that RNA modifications may
have enhanced the catalytic ability of potential primordial ribozymes. 
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CRISPR-Cas9 technology has emerged as a precise and efficient genome editing tool for
biological research and therapeutics. However, lengthy and cost-intensive production of
long guide-RNA (gRNA) could limit its potential in therapeutic or diagnostic applications. In
view of an ever-growing demand for gRNA, our group has developed a "split-and-click"
methodology for scalable guide-RNA synthesis. As previous studies have indicated that
triazole backbone on oligonucleotides is well tolerated by natural enzymes such as DNA
polymerases and Cas9 nuclease, we have employed highly efficient Copper-catalysed
Azide-Alkyne Cycloaddition (CuAAC) chemistry to generate a library of gRNA which are
functional and amenable to chemical modifications. Our work demonstrated a new strategy
to achieve multiplex gene-targeting by an "one-pot synthesis" of gRNA with modular
designs that significantly simplifies the synthetic process. Furthermore, our current work
highlights new possibilities to introduce extensive modifications on gRNA to improve its
stability and functionality which could extend the utility of CRISPR. 
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Abstract
Incorporation of a (2R,3S)-4-(methoxyamino)butane-1,2,3-triol unit into an oligonucleotide
through O1 and O3 generates a reactive site for post-synthetic introduction of a wide range
of modifications. Reaction of O2 and the methoxyamino group with an aldehyde leads to
formation of an N-methoxy-1,3-oxazinane ring, formally replacing the ribose or 2´-
deoxyribose sugar of natural oligonucleotides. The aldehyde, in turn, plays the role of the
base moiety and aromatic aldehydes would be expected to stack with neighboring
nucleobases. Equilibration of the α and β pseudoanomers of an N-methoxy-1,3-oxazinane
nucleic acid (MOANA) monomer is rapid, allowing the backbone to respond to external
stimuli. Under mildly acidic conditions (pH 5), the base moiety can be replaced or removed
altogether.

The rate of hydrolysis of N-methoxy-1,3-oxazinanes derived from substituted
benzaldehydes showed a strict Hammett correlation with the electron-donating or -
withdrawing properties of the substituent, with a reaction constant of -1.40. In other words,
kinetically stable MOANA nucleoside mimics are obtained from relatively electron-poor
aldehydes. With this information in hand, we were able to rationally design a
straightforward synthesis strategy for a (2R,3S)-4-(methoxyamino)butane-1,2,3-triol
phosphoramidite building block, using 4-benzoyloxybenzaldehyde to simultaneously protect
both O2 and the methoxyamino group. This protection proved sufficiently stable during
oligonucleotide but was readily hydrolyzed after removal of the benzoyl group. Utility of the
MOANA scaffold was demonstrated by functionalization with a range of aliphatic and
aromatic aldehydes featuring various functional groups. 
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Abstract
A promising strategy in cancer therapy includes the employment of bispecific conjugates
that can bind two targets. A therapeutic system with the ability to target more than one
protein is an important aim of cancer therapy since tumour growth is accompanied by
dysregulation of many biological pathways. G‐quadruplexes are non‐canonical structures
formed by guanine‐rich DNA or RNA sequences. They have attracted great attention as
anticancer agents with the ability to bind to different targets. In this study, we constructed
novel bispecific G-quadruplex conjugates based on AT11, TBA, T40214 and T40231
aptamer structures, with the capability of binding different targets in cancer cells, more
precisely, nucleolin, nitric oxide associated protein 1 and activator of transcription 3
protein. Herein, we analysed the anticancer properties of novel molecules comparing them
with the single G‑quadruplex unit and attempted to understand the correlation between the
structure of bispecific G-quadruplexes with their biological activity.
To study the physicochemical aspects of the bispecific G-quadruplexes, we performed
thermodynamic stability and folding topology studies, by UV melting analysis and circular
dichroism (CD) spectroscopy, respectively. As a complement, we performed biological
studies using MTT assay in HeLa and MCF-7 cancer cell lines and analyzed nuclease
stability of oligonucleotides by monitoring changes in CD pattern.
The comprehensive studies presented herein could indicate new, potent approach for
effective cancer therapy and simplify the design of G4-based drugs with promising
anticancer properties in the future. Additionally, the project extends the general knowledge
about interactions between highly ordered nucleic acids structures and proteins. 
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Abstract
Attachment of cationic moieties to oligonucleotides (ONs) promises not only to increase the
binding affinity of antisense ONs by reducing charge repulsion between the two negatively
charged strands of a duplex, but also to augment their in vivo stability against nucleases. In
this study, polyamine functionality was introduced into ONs by means of 2′-amino-LNA
scaffolds. The resulting ONs exhibited efficient binding towards ssDNA, ssRNA and dsDNA
targets, and the 2′-amino-LNA analogue carrying a triaminated linker showed the most
pronounced duplex- and triplex-stabilizing effect. Molecular modelling revealed that
favourable conformational and electrostatic effects led to salt-bridge formation between
positively charged polyamine moieties and the Watson–Hoogsteen groove of the dsDNA
targets, resulting in the observed triplex stabilization. All the investigated monomers
showed increased resistance against 3′-nucleolytic digestion relative to the non-
functionalized controls. 
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Abstract
The goal of the study was to target arginine of DNA-binding proteins using specific reactive
modifications inserted on DNA. As first the linear 1,3-diketone (HDO) modification linked in
position 5 of thymidine was studied. Furthermore, more challenging and highly reactive
modifications such as glyoxals were investigated.  HDO-modified triphosphates were
synthesized through CuAAC click reaction of diketone-alkyne with 5-azidomethyl–dUTP.
Glyoxal-linked triphosphates were synthesized through CuAAC click reaction of 4-
azidophenylglyoxal or through Sonogashira reaction of 4-bromophenylglyoxal with 5-
ethynyl-dUTP. All the modifications were succesfully incorporated in dsDNA via enzymatic
synthesis. The reactive modifications were used for bioconjugations and cross-linking with
Arg-containing peptides or proteins (e.g. histones). Reactive glyoxal-linked  DNAs  were
found to be more reactive than previously reported 1,3-diketone-linked DNA probes1,2. 
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    Circular RNAs (circRNAs) are a class of non-coding RNA, which are covalently closed loop
RNA molecules. They have recently seen increased interest due to their recently uncovered
roles in regulating various cellular functions, while its dysregulation has been observed in
various physiological disorders. Hence, ligand designs capable of modulating circRNA
production are of particular interest.

    CircRNA’s most notable feature is the mechanism of its biogenesis involving back
splicing, which requires the upstream branch point adenosine and 3' splice site (ss) close to
the 5' ss downstream. This back splicing is achieved by interactions between introns
flanking the circularizing exon, such as the presence of reverse complementary sequences
(RCMs), which are suggested to form a stable hairpin structure with an intronic stem and
exonic loop region.

    We have previously shown that naphthyridine carbamate dimer (NCD) upregulating the
production of a circRNA from a pre-mRNA containing NCD-binding site UGGAA/UGGAA in
cells, demonstrating the feasibility of small-molecule mediated circRNA production.[1]
However, to simplify ligand design and target sequence selection process, we explored the
possibility of utilizing antisense oligonucleotide (ASO) to achieve similar upregulation. We
designed an ASO that targeted the sequence present upstream and downstream of RCM1
and RCM2, respectively (see figure). The resulting ASO physically bridges the two RCMs and
forms a thermally robust 3-way junction structure upon binding, stabilizing the hairpin
structure.

    In this presentation, the effectiveness of such ASO design on circRNA production will be
explored and compared against previously reported results achieved using small
molecules. 
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In order to develop effective theranostic systems targeting VEGF-A,1 we here focused on
the interaction between the G-quadruplex (G4)-forming V7t1 and 3R022,3,4 aptamers and a
fluorescent cyanine.5,6,7 V7t1 and 3R02 are guanine-rich oligonucleotide aptamers that
specifically recognize VEGF-A, a cytokine overexpressed in cancer cells. The aim of this
study is obtaining stable non-covalent complexes between the aptamer and the fluorescent
probe that can be selectively internalized in cancer cells and thus recognize the target,
giving a marked fluorescence light-up upon binding. Strong binding between the aptamers
and the probe, ensured by cyanine stacking on terminal guanine tetrads of V7t1 and 3R02,
could be a superior strategy for aptamer labelling over classical conjugation, based on
covalent bonds between the aptamer and the probe. In fact, this system is intrinsically very
simple, and does not require linkers which could alter the aptamer properties and
particularly its folding and protein recognition abilities. The interaction between the G4-
forming aptamers and the fluorescent probe was studied using different biophysical
techniques, i.e. circular dichroism, fluorescence spectroscopy and native gel
electrophoresis. The cyanine-aptamer complexes were tested on human MCF-7 cancer cells
and MCF-10 healthy cells to evaluate the cell uptake, monitored by confocal microscopy,
and in vitro anticancer efficacy. Our strategy shows promise for a useful combination of the
therapeutic activity of V7t1 and 3R02 with a sensitive fluorescence-based detection of
VEGF-A, identified as useful biomarker for early cancer diagnosis. 
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Abstract
Oligonucleotides (ON) receive increase attention as therapeutics, which is indicated by the
clinical approval of several ON-based drugs. Such therapeutic ON are designed to alter the
expression levels of specific disease-related proteins, e.g., via an antisense mechanism.
However, there are substantial pharmacokinetic hurdles to overcome, such as the high
polarity of the polyanionic ON backbone and its nuclease-mediated cleavage. In addition,
there is an unmet need for tissue-specific therapeutics in particular in the context of
cancer. Such therapeutics target certain cellular surface receptors to deliver the
therapeutic to the cancerous tissue (active targeting). In order to achieve this goal, we are
particularly interested in the conjugation of ON with cell-targeting small molecules.[1] In this
work, we report novel conjugates of oblimersen (an antisense ON inhibiting the expression
of the anti-apoptotic BCl-2 protein)[2] with the selective estrogen receptor modulator
(SERM) 4‑hydroxytamoxifen (4-OHT, see figure). Such conjugates are anticipated to
selectively interact with estrogen receptor α (ERα) on the cell surface of ERα-positive breast
cancer cells, thus mediating a cell-specific delivery.[3] The synthesis and properties of first
representatives of this novel type of small molecule-ON conjugates will be presented. 
Selected references 
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RNA interference (RNAi) is an endogenous pathway for post-transcriptional gene silencing
that utilizes short double-stranded RNA (21–23-mer). These double-stranded sequences
undergo a natural selection process with the help of enzymes within the RNA-induced
silencing complex (RISC). Recruitment of antisense strand results in the formation of
activated RISC that binds mRNA in a sequence-specific manner, resulting in gene silencing.
The influence of structural and chemical modifications of siRNA or miRNA on RISC loading is
not well understood.

The selection of a desired stand within the RISC complex is based on the orientation of the
RNA duplex within the protein complex. The RISC loading of the desired strand is generally
believed to be based on the thermodynamic asymmetry at the two ends of the duplex.1 The
strand having a less stable 5′-end is more likely to be selected as the guide strand whereas
the other strand, with the more stable 5′-end, serves as the passenger strand that is
degraded. Therefore, we envisioned designing RNAi molecules with desired thermodynamic
asymmetry by incorporating a short DNA tail at either end of the duplex. As a proof-of-
concept, we modified miR34a as it is the most explored miRNA for anticancer therapy. Our
results indicate that incorporating a seven-nucleotide tail, at the 3’end of either strand
changed the RISC recruitment capability as determined by stem-loop PCR experiments.2
These modifications also demonstrated a clear preference of strands on cancer cell
migration in an in vitro setting. 
Selected references 

1. A. Khvorova, A. Reynolds, and S. D. Jayasena, Cell 2003, 115, 209-216.
2. S. Kadekar, G. N. Nawale, K. Karlsson, C. Ålander, O. P. Oommen, O. P. Varghese, Mol. Ther. Nucleic Acids 2019, 16, 597-604.

101



P62 - Structural evaluation studies of S-antigen Transport-inhibiting
Oligonucleotide Polymers (STOPS)

2. Oligonucleotide Design And Chemistry 
Santhosh Kumar Thatikonda1 , Jin Hong1, Yannick Debing2, Vikrant Gohil1, Hyunsoon
Kang1, Hua Tan1, David Smith1, Julian Symons1, Sushmita Chanda1, Lawrence Blatt1,
Leonid Beigelman1 
1 Aligos Therapeutics, Inc., 1 Corporate Drive, 2nd Floor, South San Francisco, CA 94080
2 Aligos Belgium BV, Leuven, Belgium

Abstract
Chronic hepatitis B (CHB) affects 296 million people worldwide with an annual mortality
rate of ~900,000/year.1 Nucleic Acid Polymers (NAPs) have been shown to reduce HBsAg in
cultured cells and in patients.3 S-antigen Transport-inhibiting Oligonucleotide Polymers
(STOPSTM) share structural similarities with NAPs but contain unique chemistries that
improve in vitro potency over NAPs. Clinical data from the Phase 1 study ALG-010133-101
indicated that at the projected efficacious dose, HBsAg reduction was not observed. To
further understand this outcome, we conducted structural evaluation studies of the STOPS
and compared them with NAPs. Investigating the helical structure of STOPS vs. NAPs
utilized thermal denaturation (Tm) and Circular Dichroism (CD) analysis. NAPs and STOPS
display very well-differentiated thermal denaturation curves (Figure 1). NAPs are
characterized by good hyperchromicity and STOPS show very low to almost no
hyperchromicity. No significant helical changes were observed by CD analysis at different
pH from 5.6 to 10.8. However, ALG-010000 with all LNA monomers has displayed
significant changes in the CD spectra with an increase in temperature with a clear loss of
the 270 nm (broad) shoulder and a rise in 285 nm (narrow, Figure 2).  Similar observations
were attributed to the transition from the hairpin structure.4 Conversely, ALG-010133 was
characterized by a less pronounced red shift and REP-2139 did not show any redshift with
an increase in temperature. As mechanistic studies reveal that STOPS behave like low-
affinity aptamers,5 efforts to develop STOPS with potency similar to ALG-010133 and with a
more flexible helical structure are in progress. 
Selected references 
1.https://www.who.int/news-room/fact-sheets/detail/hepatitis-b; 2.Yip TC et al. J. Hepatol. 2019, 70, 361; 3. Al-Mahtab M. et al. PLoS
ONE, 2016, e0156667; 4. Kypr, J. et. al. Nuc. Acids Res. 2009, 1713; 5. Kao, C.C . et.al. Mol. Ther. Nuc. Acids 2022, 27, 335.

102



P63 - Synthesis and Characterization of Oligonucleotide Conjugates
Prepared by Diselenide-Selenoester Ligation Deselenization /
Alkylation

2. Oligonucleotide Design And Chemistry 
Christopher Liczner1 , Cameron Hanna2, 3, Richard J. Payne2, 3, Christopher J. Wilds1 
1 Department of Chemistry and Biochemistry, Concordia University, 7141 Rue Sherbrooke
Ouest, Montréal, Québec, H4B 1R6, Canada
2 School of Chemistry, The University of Sydney, Sydney, NSW 2006, Australia
3 Australian Research Council Centre of Excellence for Innovations in Peptide and Protein
Science, The University of Sydney, Sydney, NSW 2006, Australia 

Abstract
Conjugation of oligonucleotides to peptides or lipids enhances their therapeutic and
diagnostic applications. Peptide oligonucleotide conjugates (POCs) have demonstrated
improved properties including cell-targeting and permeability; however, the synthesis of
these conjugates poses various challenges. We have explored an approach to prepare POCs
by a diselenide-selenoester ligation (DSL)-deselenization strategy that forms an amide
linkage between these molecules.  This involves the synthesis of a selenide
phosphoramidite, which is incorporated at the 5'-end of an oligonucleotide by automated
solid-phase synthesis. Following cleavage from the solid support and deprotection, a
diselenide-bridged oligonucleotide dimer is formed. This diselenide-bridged dimer can then
be ligated with peptide selenoesters and subsequent in situ deselenization results in the
formation of POCs. The preparation of POC micelles could be achieved through a one-pot
additive-free DSL-alkylation. Moreover, alkylation of the diselenide-bridged oligonucleotide
dimer can be performed to confer functionalization for the preparation of micelles or for
fluorescent labelling, demonstrating the versatility of this approach which contributes to the
toolkit of methodologies to prepare oligonucleotide conjugates. 
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Mitochondria are semi-autonomous organelles with own protein biosynthesis system. An
important of this system is human mitochondrial tRNA bearing methionine (hmt-tRNAMet),
which, contrary to the cytoplasmic analog, is used as an initiator and elongator tRNA
molecule in protein biosynthesis. Translation activity of hmt-tRNAMet is supported by
unusual decoding properties of the 5-formylcytidine (f5C34, Fig. 1B) from position 34 (first
anticodon letter), which recognizes both the AUG codon and the non-canonical AUA codon.1
Structural changes in hmt-tRNAMet, especially within the anticodon loop, can cause severe
mitochondrial dysfunction.2 For instance, pathogenic A4435G mutation of hmt-tRNAMet
gene results in the replacement of conserved adenosine from position 37 (A37) to
guanosine (G37)3 and further G37-methylation to 1-methylguanosine (m1G, Fig. 1B).4 This
hmt-tRNAMet decomposition was found to reduce mitochondrial respiratory efficiency
associated with hypertension and Leber's hereditary neuropathy (LHON), however no
structural and biophysical studies on the synergistic role of natural f5C34 and pathogenic
guanosines G37 and m1G37 have been performed so far.
       Here, we present the chemical synthesis of model oligonucleotides of sequence related
to the anticodon arm of hmt-tRNAMet (native and pathogenic, Fig. 1A), and their structural
and thermodynamic properties. The obtained results showed the strong contribution of
pathogenic guanosines from position 37 (Fig. 1B) to the stability and architecture of the
anticodon arm domain, which may result in the mitochondria disorders and the translation
process.5
This work was supported by Young Scientist' Fund at the Faculty of Chemistry, Lodz
Univeristy of Technology, Grant W-3D/FMN/9G/2020. 
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Abstract
The DNA catalyzed peptide backbone hydrolysis is unexpectedly one of the most difficult
reactions to achieve in the field of DNAzymes and DNA-based proteases, a counterintuitive
result when comparing t1/2 amide bond (hundred years) with t1/2 phosphodiester bond
(million years). Nature uses the serine protease α-chymotrypsin presenting a catalytic triad
of three cooperative amino acids serine (Ser), histidine (His) and aspartate (Asp).

            Complementary to the SELEX process,1 our approach is based on the solid phase
synthesis (SPS) of functionalized oligonucleotides (FuON) decorated with amino acid side
chains-like functions, further organized into a 3-way junction.2 Due to their lack of amidase
activity, we decided to bring in close proximity both FuON and chromogenic amide
substrates to increase the effective molarity therefore by-passing the lack of a binding
pocket.

            First, we relied onto the incorporation the convertible 5’-C-S-propargyl-thymidine
phosphoramidite.3 With a careful design of sequences, resulting convertible ONs (CvONs)
underwent a post-synthetic CuAAC reaction with either a p-nitrophenylamide substrate or a
new azide building block (Tripode) combining the three functions, carboxylate, imidazole
and alcohol, (surrogate for Asp, His, Ser respectively). The resulting FuON were assembled
in a combinatorial way in bulges varying the size of the loop, the position and number of
modifications to evaluate their properties.

            Secondly, we developed an aptazyme approach, combining recognition and
catalysis. After introducing at key positions a catalytic azide surrogate onto known
argininamide‐DNA aptamers, the induced fit structuration of those FuON with their
substrate and their proteolytic properties were studied by CD and UV studies. 
Selected references 
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Abstract
Of the many ways to target the expression of RNA, antisense oligonucleotides (ASOs) have
recently undergone considerable development[1]. These ASOs can be obtained by chemical
synthesis and are used to specifically recognize a messenger RNA by complementary base
pairing and inhibit the synthesis of the corresponding protein. By modifying their chemical
structure, their stability in a cellular context and their affinity for their target have been
significantly improved in recent years. Although there have been important advances in the
field, their cellular trafficking and location and their ability to penetrate the cell still need to
be studied.

Site-selective post-synthetic modification of oligonucleotides (i.e., after solid phase
synthesis) provides a simple and effective method for incorporation of several probes in
oligonucleotides. This procedure allows the synthesis of a range of diverse labelled
oligonucleotides from a common precursor, compared to the classical linear synthesis,
which requires tedious multi-steps synthesis of the corresponding phosphoramidite building
blocks and its incorporation through solid phase synthesis.

            We present here a seven-step synthesis of two nucleosides, modified in the 2'
position, by bioorthogonal moieties, a methylcyclopropene and a sydnone functions which
would allow, after their incorporation into an oligonucleotide sequence, their post-synthetic
functionalization by different agents likely to improve or monitor the biological activity via
an inverse Electron-Demand Diels-Alder reaction (iEDDA)[2] or a Strain Promoted Sydnone
Alkyne Cycloaddition (SPSAC)[3]. 
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Phosphorodiamidatemorpholino oligonucleotides (PMO) are routinely used as gene
silencing reagents1 and the recently developed PMO-based drugs Exondys51, Golodirsen,
Viltolarsen and Casimersen have highlighted the importance of PMO as excellent antisense
reagents.2 However, the synthesis of PMO has remained challenging. Here a synthesis
protocol of PMO on solid support using Fmoc-protected chlorophosphoramidate morpholino
monomers in the presence of a suitable coupling agent has been presented. Among several
coupling agents such as tetrazole, 1,2,4-triazole, ETT, iodine, LiBr and dicyanoimidazole,
ETT was found to be suitable for efficient coupling. Synthesis was performed either on
aminomethyl polystyrene resins with a succinic ester linkage like DNA synthesis or on
chloropolystyrene resins like peptide synthesis which helped us to cleave the PMO by
NH4OH treatment or acid treatment. To the best of our knowledge, starting from Fmoc-
protected morpholino monomers, chlorophosphoramidate monomers and their use in PMO
synthesis is reported for the first time.3 Unlike trityl chemistry, Fmoc was deprotected by
20% piperidine in NMP in each cycle where there is no chance of having depurination. 25-
mer long PMO has been synthesized and validated in vivo in zebrafish model by targeting
the no tail gene to obtain the no tail-dependent phenotypes (no notochord formation with
U-type somites) which were consistent as per literature report. Though, Fomc chemistry is
not compatible for DNA synthesizer, however, method worked successfully for the synthesis
of PMO. We believe, synthesis of PMO using commercially available oligo or peptide
synthesizer could open a new avenue to explore PMO for various applications. 
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CRISPR/Cas9 technology is revolutionizing experimental therapies for genetic disorders
with outstanding clinical success1. Towards this end, there is a need for synthetic single-
guide RNAs (sgRNA), which are typically 100 nucleotides long. Moreover, there is a need for
the rapid iterative screening of sequences to identify the best performers. Contemporary
solid-phase technology typically employs RNA 3'-phosphoramidite monomers featuring 2'-
O-tert-butyldimethylsilyl (TBDMS) groups2, which have shown a remarkable ability to
produce oligonucleotides 20-100 nt in length. However, the coupling yields are strongly
dependent on coupling times, which are optimally above 10 minutes, as opposed to 2.5
minutes for DNA. Considering 100 couplings per oligonucleotide, this can be problematic for
two reasons. First, prolonged exposure to acidic activator conditions exponentially
accumulates side products. Second, the long overall synthesis time (2 days) is not ideal for
high throughput production and iterative screening. Moreover, the removal of TBDMS
groups requires the use of fluoride ions, which must be applied as a second step after base
deprotection, and must be eliminated before clinical and pre-clinical applications.
Phosphoramidites featuring 2'-O-acetal levulinic ester (ALE) groups have previously been
shown to efficiently produce RNA on both solid support3 and a photolithographic chip4,5,
but have not been applied to the synthesis of long RNA sequences (e.g., sgRNAs).  Herein,
we investigated the use of ALE chemistry to produce sgRNA, and identified deprotection
conditions that improve the synthesis speed, quality, and quantity of sgRNA over TBDMS
chemistry. 
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Due to its fascinating features in storing the genetic information, deoxyribonucleic acid
(DNA) is arguably one of the most important natural polymers. Natural DNA is becoming
increasingly important in the biomedical field; however its usage, in gene therapy, drug
delivery, diagnostic and technological areas has been restricted by the high cost to produce
the longer DNA sequences and the limited shelf life of these sequences once produced. 1, 2
In order to tackle the issues faced with using traditional DNA, DNA-inspired polymers are
being developed.1, 3-4 However, preparing polymers containing the entire nucleotide moiety
(i.e., the nucleobase, the deoxyribose and the phosphate group) attached to the polymer
backbone has remained a challenge.

Herein, we report on the first synthesis of nucleotide-like modified polymers using protected
phosphoramidite monomers. To achieve this goal, we initially synthesised phosphoramidite
functionalised monomers containing either adenine (A) or thymine (T) nucleobases. To
obtain a higher control over the size and polydispersity of the polymers, a reversible
addition fragmentation chain transfer (RAFT) method was used for the polymerisation.
Successful synthesis of the monomers and polymers was demonstrated using mass
spectrometry, proton and phosphorus nuclear magnetic resonance spectroscopies. Finally,
the interactions between complementary A and T containing polymers were studied and the
formation of secondary structures in solution was investigated. This study opens up new
possibilities for the generation of DNA mimicking polymers for a broad range of biomedical
applications. 
Selected references 
1 R. McHale, R.K. O'Reilly, Macromolecules. 2012, 45, 7665-7675

2 T. Lindahl, Y. Surname, Nature. 1993, 362, 709-715

3 A. Khan, D. M. Haddleton, M. J. Hannon, D. Kukulj, A. Marsh, Macromolecules. 1999, 32, 6560-6564

4 J. M. Gibbs, S. J. Park, D. R. Anderson, K. J. Watson, C. A. Mirkin, S. T. Nguyen, J. Am. Chem. Soc. 2005,

 127, 1170-1178

110



P70 - Towards lipophilic prodrugs of antisense oligonucleotides

2. Oligonucleotide Design And Chemistry 
Anna Heib1 , Verena Böttner-Schäfer1, Christian Ducho1 
1 Saarland University, Department of Pharmaceutical and Medicinal Chemistry

Abstract
Antisense oligonucleotides (AONs) have great potential as therapeutic agents. They can be
employed to target specific mRNA sequences that encode disease-related proteins.[1] AONs
are generally short single-stranded DNA oligonucleotides with a length of 18-30
nucleotides.[1] Unmodified AONs have many pharmacokinetic disadvantages, such as
instability in presence of extracellular nucleases and poor cell penetration.[2] Prodrug
strategies are a rarely employed approach to address these challenges. Herein, the
charged phosphate backbone is masked with lipophilic moieties, facilitating the crossing of
biological barriers. This concept has been described in principle for single-stranded
AONs[3,4] and was successfully applied for siRNA delivery.[5,6] 

The 4-acyloxybenzyl (AB) moiety has been successfully applied in prodrug approaches for
nucleoside di- and triphosphates.[7] First applications of this prodrug modification for
phosphorothioate AONs have also been reported.[8,9] We have therefore decided to explore
a potential application of the AB prodrug approach on otherwise unmodified AONs in detail.
Therefore, dimeric and trimeric model compounds for AON prodrugs with AB masking
groups were synthesised. In stability tests, such model compounds containing pivaloyl
esters in the AB unit (see figure) showed the most promising pharmacokinetic profile. As an
oligonucleotide model, an AB-masked thymidylate octamer (T8) was successfully prepared.
However, mixed oligonucleotide sequences require a suitable nucleobase protecting group
strategy compatible with the chemical properties of the masking groups. Due to the base
sensitivity of the ester moiety, adjustments in automated solid phase synthesis are also
required. First results from studies on these objectives will be presented.
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Although recent pandemic events demonstrated the potential of RNA-based technologies,
their efficiency still depends on our ability to investigate and control RNA in complex
systems. The fate of RNA molecules, both in vitro and in vivo, can be accessed with labels,
such as fluorescent dyes and haptens. While several methods of RNA labeling are
established, covalent modification of the largest and most fragile RNA species (such as
mRNA) still poses challenges. Here, we propose a versatile strategy of dual modification of
RNA. [1] First, an azide moiety is introduced into the RNA 5’ end during in vitro transcription
or solid phase synthesis. [1,2] Next, the 5’ azide and 3’ ribose are simultaneously conjugated
with the labels of choice. The latter step involves an unrecognized reactivity of the
periodate-oxidized ribose moiety and ethylenediamine derivatives in reductive amination
reaction. This way, we were able to label several RNA sequences, including functional
mRNA, with distinct tags in a site-selective manner and unprecedented efficiency. Because
of its nonenzymatic nature, the labeling process is cost-effective, easy to up-scale, and
compatible with several fluorescent dyes, haptens, and reactive chemical moieties. We
demonstrated that dually labeled RNAs can act as molecular probes for real-time
monitoring of the activity of nucleolytic enzymes. Furthermore, labeled mRNAs were
suitable fluorescent probes for observation of cellular localization and expression of mRNA,
both in vitro and in vivo. We believe that, due to its simplicity and effectiveness, the
proposed methodology will help to create better and more accessible tools for RNA-oriented
research. 
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Xeno-nucleic acids (XNAs) are nucleic acids with alternative (backbone) chemistries not
found in nature [1,2]. Among these, 2’-modified nucleic acids have found widespread
application in oligonucleotide therapeutics [3], conferring increased antisense binding
affinity, high biostability, and in vivo half-life [4]. To date, development and synthesis of 2’-
modified oligonucleotides relies mainly on solid-phase synthesis, which precludes synthesis
of long oligomers and their evolution. Here, we describe engineering of a polymerase [5] for
efficient synthesis of both defined and random-sequence 2’-O-methyl-RNA (2’OMe-RNA)
and 2’-O-(2-methoxyethyl)-RNA (MOE-RNA) oligomers up to 0.75 kb [6]. This enabled i.a.
the discovery of the first 2’OMe-RNA catalysts (“2’OMezymes”) for the allele-specific
cleavage of oncogenic KRAS (G12D) and β-catenin CTNNB1 (S33Y) mRNAs, and the
elaboration of mixed 2’OMe- / MOE-RNA aptamers with high affinity for Vascular Endothelial
Growth Factor (VEGF). Our results open up these chemistries for enzymatic synthesis e.g.
for a rapid iteration of different antisense oligonucleotide sequences and a wider
exploration in directed evolution and nanotechnology. 
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The microRNAs (miRNAs) are a group of regulatory non-coding RNAs, playing key roles in
diverse biological processes, including pulmonary disfunctions.1 Dysregulation of miRNA
levels in disease leads to aberrant downstream effects and offers an emerging area for
therapeutic intervention.2 In particular, we are interested in blocking function of
upregulated miRNA by short oligonucleotides – antagomirs.

miR34a has gained attention within respiratory field, as it has been reported to play a role
in pulmonary fibrosis, lung injury and oxidative stress responses.3, 4 We have investigated a
set of antagomirs targeted at miR34a. Compounds differ in internal chemistry design,
length and conjugation. We report free uptake and target engagement of antagomirs on
lung epithelial cell line, primary human bronchial epithelial cells and also cells cultured in
air-liquid interface (ALI). Results demonstrate how chemical modification can affect
properties of synthetic miRNA modulators. This work lays ground for the synthesis of tool
antagomirs for in vitro target validation in advanced cell model systems relevant to
respiratory disease. 
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Since the 19th century UV-irradiation is known to be harmful to the human genome.[1]
Especially pyrimidine DNA bases are prone to photoreactions such as cyclobutane-
pyrimidine-dimers (CPD), (6‑4) photoproducts and dewar valence isomers, leading to
mutations and causing various diseases such as skin cancer.[2] For developing viable
treatments to combat these diseases it is essential to understand the underlying causes of
the photoreactions in the DNA. Especially interesting are CPD lesions since they occur most
frequently in humans.[2]

Since there are many processes occurring side by side in the cell as soon as UV light is
induced there are numerous pathways of CPD formation. This work is centred around
“natural” photosensitizers occurring in the cells through internal mechanisms. Amongst
these are (6‑4) photolesions acting as “trojan horses”, oxidative lesions as well as
epigenetic markers such as Formyl-Uracil and Formyl‑Cytidine and melanin derivatives
acting as photosensitizers as proposed by Miranda et al and Premi et al.[3]

The CPD formation is quantifiable by both HPLC- and PAGE analysis by using a defined DNA
sequence lacking the phosphordiester backbone between two adjacent pyrimidine bases.
With the formation of CPD the strands are bound together which changes the retention time
in the HPLC and PAGE analysis and is visible through a fluorescence marker.[4] In this
system the possible photosensitizers are able to be placed at specific points in respect to
the CPD site to find out more about the energy pathways which induce these lesions.
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Abstract
UV-induced cross-linking followed by either sequencing or by mass spec analysis is the
mainstay technique to characterize new RNA-protein interactions in vivo [1]. However,
cross-linking reactions are unpredictable and only occur at a few specific positions in the
RNA-protein binding site, for which there is no mechanistic rationale limiting the full
potential of the cross-linking methods [2]. Moreover, it has proven very difficult to gain an
understanding of the cross-linking process, largely because of the low cross-linking yields
and the complex product mixtures which are difficult to separate and characterize. 
Here, we investigate the UV cross-linking of the RNA recognition motif of the alternative
splicing factor RBFOX with its consensus hepta-ribonucleotide as a model system. Using a
state-of-the-art isotopic labeling strategy and tandem mass spectrometry allowed us to
probe systematically the influence of nucleotide, position, and amino acid on cross-linking
outcomes with an enhanced resolution. Surprisingly, cross-linking occurs only at π-stacked
amino acids and nucleotides. Moreover, this stacking feature was also needed for
neighboring amino acids along the peptide backbone to cross-link explaining the seemingly
random cross-linking events that are typically observed. We hypothesize that π-stacking
activates the cross-linking nucleotide via electron transfer, after which nucleotide- and
peptide-radicals, possibly stabilized by capto-dative effects, recombine [3].

We hope our findings will help the interpretation of cross-linking data from future structural
studies and also the analysis of genome-wide datasets generated via cross-linking and
immunoprecipitation methods. 
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The Ebola virus (EBOV) is a member of the Filoviridae, which causes severe human
infection and fatal hemorrhagic fever. Since EBOV was discovered in 1976, there have been
over 30 outbreaks; the largest occurred in 2014 in West Africa. Despite this, no effective
small molecule treatment is available to date. Nucleoside drugs, like Remdesivir, have been
the cornerstone of antiviral therapy for decades and recently have shown promising
antiviral activity against EBOV. Compounds with strategic introductions of flexibility to the
nucleobase scaffold (fleximers) can sample the binding site with greater fidelity, as
compared to the rigid nucleoside scaffolds, which could result in an increased binding
affinity. In this work, we sought to identify novel, fleximers with activity against EBOV. We
first enumerated a combinatorial library of over 5 million fleximers derived from Acyclovir,
Cidofovir, BCNA, Molnupiravir, AT-527, and Sobosbuvir. This library was virtually screened
by the specially developed Quantitative Structure-Activity Relationship (QSAR) models to
select hits predicted to have anti-EBOV activity. These models were built from compounds
that block EBOV-like particle entry into human cells and their respective cytotoxicity
measurements in the HeLa and HEK cell lines. Promising compounds were examined in
molecular docking studies against the Ebola virus matrix protein VP40, which is the major
virion protein responsible for virus assembly and budding. The prioritized compounds are
being synthesized and will undergo in vitro testing against EBOV. 
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Thio-Cl-IB-MECA, (Ki = 0.38 nM) is a potent and selective human A3 adenosine receptor (AR)
agonist. Molecular modeling studies of Thio-Cl-IB-MECA indicated that hydrogen of the
uronamide group serving as a hydrogen bond donor is essential for the induced fit of the
ligand into AR. Thus, truncation of 4'-uronamide group exhibited selective and species
independent antagonism at A3AR due to the loss of hydrogen bonding donor ability. In this
study, we wanted to identify the steric effects by modifying the 4' position of above
truncated 4'-thionucleoside with small to bulky α and β alkyl substituents, while retaining
the absence of H-bond donor thus preserving antagonism with small to bulky substituents,
while retaining the antagonism at the A3AR. The desired nucleosides were synthesized from
2,3-O-isopropylidene-L-erythrofuranose using stereoselective organometallic addition and
Vorbrüggen condensation as key steps. The SAR study showed the following result. The
A3AR binding affinity was decreased in the following order: β-methyl > dimethyl > α-
methyl. The only small substituent such as H or Me could be tolerable in the antagonism
binding pocket of A3AR. Design, synthesis, and binding affinity to ARs will be presented in
detail. 
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The stability of messenger RNA is a significant aspect that influences gene expression.
mRNA level in cells depends on the rate of its production and decay. The general mRNA
decay pathway is initiated by trimming of the poly(A) tail and followed by the decapping
process during which the unique, protective cap structure is removed from the 5' end of
target mRNA. Dcp2, the major eukaryotic decapping enzyme, is a Nudix hydrolase that
recognizes m7G cap structure in mRNA and cleaves its pyrophosphate bond between α and
β phosphates, releasing m7GDP1. The cleavage triggers further mRNA degradation from the
5’-end by exonuclease Xrn1. Defects in decapping process are linked to severe human RNP
assembly diseases2. Thus, looking for the small molecule compounds acting as Dcp2
inhibitors could be beneficial for therapeutic purposes.

Here, we propose a simple, high-throughput, fluorescent assay with nucleotide-based
activity probe. We used this approach to monitor the fluorescence intensity changes during
enzymatic reactions in the presence of various small molecule compounds on a 96-well
plate reader to identify inhibitors of PNRC2-Dcp1/Dcp2 decapping complex. Then, we
successfully applied it to screen an in-house library of nucleotide-derived compounds and a
commercially available library of pharmacologically active compounds (LOPAC®1280)
identifying several hits with nano- and low micromolar IC50 values. The most potent
compounds were verified on longer RNA substrates and characterized for their selectivity to
the target and inhibitory properties by lower-throughput but more accurate biophysical
methods.
This work was supported by the Foundation for Polish Science (Grant No. TEAM/2016-2/13). 
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Abstract
Improving live cell imaging to directly observe genome modification is vital to better
evaluate the success of a gene edit using the CRIPSR Cas9. One issue preventing clear
imaging is background fluorescence1-3. Secondly, the standard approach of transfecting
deactivated Cas9 and the single guide RNA, both linked to a fluorophore4, does not
typically lead to good colocalization in the image. To mitigate this, previous authors have
used electroporation as a transfection method with a ribonucleoprotein complex that
consists of the Cas9 protein and sgRNA.
We propose a novel chemical solution to improve live-cell DNA imaging by activation of
fluorescence upon sgRNA nuclear localisation that builds upon the RNP complex approach.
Our RNP consists of dCas9 and a sgRNA linked to a probe. The probe is a fluorophore-linked
15-base DNA extension attached via a hexaethylene glycol linker, which hybridises to a
quencher-linked 15-base RNA sequence. Stable RNA-DNA heteroduplex is formed, which
does not initially express the fluorophore due to the presence of the quencher. The probe
has phosphorothioate modifications to protect against exonuclease degradation. When the
sgRNA enters the nucleus, RNase H will cleave the DNA/RNA probe, removing the quencher
and releasing the fluorophore. Using this technique, background fluorescence is
significantly reduced because the fluorophore is inactive in the absence of RNase H and we
observed the fluorescence signal was localised to the target site within the nucleus. This
demonstrates that our novel probe linked to the sgRNA allows us to actually see specific
edits of the genome within the nucleus. 
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Obesity is a risk factor for several cancer types, suggesting shared molecular mechanisms.
We identified cancer-relevant microRNAs that respond to metabolic hormone signaling in
cultured cells and/or to metabolic changes in human subjects.

In collaboration with Lorna Harries (Exeter University, UK) we reported that miR-10b is
more strongly downregulated in the primary breast tumors of obese patients,
demonstrating that the metabolic state of the organism can lead to a significant difference
in the molecular pathology of cancer (1). In ductal tumors, significant inverse correlations
were observed between the tumor levels of miR-10b and miR-30c and the mRNA levels of
cancer-relevant target genes SRSF1, PIEZO1, MAPRE1, CDKN2A, TP-53 and TRA2B, as well
as tumor grade. Suppression of miR-10b levels in BT-549 primary BC–derived cells
increased cell proliferation and invasive capacity, while exogenous miR-10b mimic
decreased invasion. Manipulation of miR-10b levels inversely affected the mRNA levels of
miR-10b targets BCL2L11, PIEZO1 and NCOR2.

Previously, we had reported that in cultured colon cancer cells, miR-4443 was upregulated
by leptin and insulin in a MEK1/2-dependent manner. MiR-4443 overexpression decreased
invasion and proliferation, and directly downregulated NCOA1 and TRAF4, genes involved in
metastasis. Insulin and/or leptin resistance (e.g. in obesity) may suppress this tumor-
suppressive pathway and increase cancer risk (2). Supporting this notion, the miR-4443
locus is frequently deleted in cancers. We showed that miR-4443 is a non-canonical
microRNA with a yet unknown biogenesis pathway (3).

Our current research explores the endocrine and epigenetic mechanisms which regulate
these cancer-relevant microRNAs under conditions of obesity.
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Double-strand breaks are the most toxic form of DNA lesion and their repair via the major
pathways: non-homologous end joining (NHEJ) and homologous recombination (HR) is
critical for genomic stability and tumor suppression. Evidence that long non-coding RNAs
(lncRNAs) participates in DNA repair is accumulating, however, whether they can control
DNA repair pathway is unknown.

Our recent findings demonstrate that the small Cajal body-specific RNA 2 (scaRNA2) can
promote HR by inhibiting DNA-dependent protein kinase (DNA-PK) and, thereby, NHEJ. By
binding to the catalytic subunit of DNA-PK (DNA-PKcs), scaRNA2 weakens its interaction
with the Ku70/80 subunits, thereby preventing catalytic activation of the enzyme. This
novel mechanism, distinct from protein-mediated modulation of repair, emphasizes the key
role of RNA in both the catalytic activity of enzymes involved in DNA repair and the choice
of repair pathway, discoveries which may have far-reaching clinical and therapeutic
implications.

scaRNAs are often dysregulated in cancer for unclear reasons. We postulate the existence
of a network of scaRNAs that participate in DNA repair by regulating repair enzymes and
whose dysfunction could contribute to the development of various diseases, including
cancer. 
Selected references 
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Abstract
Nucleoside analogues are important group of compounds because of their variety of
pharmacological applications in medicine. Therefore, scientists widely explore this area of
medicinal chemistry to find new biologically active structures. One of the current concept in
drug design and their development is conjugation of compounds with a documented clinical
action [1-3].

In the present work we present the phenomenon of biological activity for the pyrimidine
nucleoside dimers analogues as shown in the figure. All of the novel compounds were
synthesized as a new and interesting structural class of nucleoside analogues, which were
analyzed against cancer cell lines and some of them were also tested for their anti-HIV
activity. The 5-FdU (1) and AZT (3) were used as reference compounds, respectively.

The synthesized compounds were tested for their cytotoxic activity in five human cancer
cell lines: cervical (HeLa), gliomas (U-138, U-251), breast (T47D), ovarian (SCOV-3), and
normal human fibroblast cell line (MRC-5) using the MTT assay. Experiments showed that
the majority of the studied dimers analogues till now had anticancer activity with a
significantly lower cytotoxic effect against normal fibroblasts. Moreover, the evaluation of
antiviral  properties proved an antiviral activity for two compounds, too.
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RNA viruses are important human pathogens that are capable of invading human cells and
adapting to their internal environment to evade recognition by the immune system. One
important mechanism they use to do this is to install a cap on the viral RNA, whereby the
viruses attempt to mimic the cellular mRNA. This modification of mRNA in cells takes place
in the nucleus, which most RNA viruses do not have access to, so these viruses have had to
develop mechanisms to mimic or copy the cap insertion process. Flaviviruses and
coronaviruses, which are the focus of our interest, use a process for cap installation that
largely mimics the cellular mechanism, but uses their own enzymes to do so. An important
part of this process is cap methylation, for which viral methyltransferases (MTases) are
indispensable.1 Our team has been studying these enzymes specifically from flaviviruses
and coronaviruses for several years, and this talk should focus on both the structural
aspects of methyltransferases from these viruses, as well as the use of structural
information and computational chemistry to design new inhibitors capable of inhibiting
these enzymes. In particular, emphasis will be placed on new inhibitors that have been
developed by modifying S-adynosylmethionine, the methylation reagent that MTases use to
methylate viral RNA.2 

The work was supported from the European Regional Devel-opment Fund; OP RDE; Project:
“Chemical Biology for Drugging Undruggable Targets (ChemBioDrug)” (No.
CZ.02.1.01/0.0/0.0/16_019/0000729) and the Ministry of Health of the Czech Republic,
grant NU20-05-00472). 
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Abstract
Despite modern HBV standard of care, clearance of the viral antigens remains challenging.
The clearance of HBsAg is associated with long-term prognosis and can reduce the
incidence of liver failure, liver cirrhosis, and liver carcinoma. Thus, there is an urgent unmet
medical need to find drugs that can effectively reduce HBsAg and achieve functional cure.

RBD1016 is an anti-HBV drug composed of siRNA and N-acetylgalactosamine (GalNAc)
delivery system, which is targeting HBV X gene with pan-genotypic coverage. Preclinical
data demonstrated that RBD1016 can achieve substantial and durable reduction of HBsAg
(max reduction 3.75log10), HBeAg and HBV DNA. Sustained HBsAg reduction was observed
down to 1 IU/ml. More interestingly, rather distinct from other assets in this class, RBD1016
caused de novo production of HBsAb, which was detected in up to 62.5% of the
experimental animals after single RBD1016 treatment, indicating its potential for functional
cure.

RBD1016 has a wide safety margin established by an array of non-clinical repeat dose
toxicology studies and showed to be safe and well tolerated in healthy volunteers in the
Ph1a trial. Durable HBsAg reduction was observed in Ph1b CHB patients treated with
RBD1016 already at 0.3 mg/kg and the effect could last for >169 days.

Based on available data to date, a multi-center Ph2a study is planned in 2022 also involving
leading Swedish trial centers, to accelerate this asset in the clinic aiming at demonstrating
“best-in-class” profile in terms of duration and magnitude of HBsAg inhibition and/or
achieving functional cure. 
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Abstract
The increasing number of approved nucleic acid therapeutics demonstrates their utility in
treating diseases by targeting their genetic causes. More specifically, RNA interference
(RNAi) offers a powerful mechanism for development of specific and potent therapeutics for
inhibition of disease-causing targets. To date, clinical translation of therapeutic candidates
has been hindered by slow discovery methods, suboptimal delivery, poor stability
properties, cellular internalisation, and target affinity. It is therefore imperative to develop
new technologies to address these deficiencies by improving sequence identification and
validating candidates using in vitro and in vivo models.

We conducted a screen of over 16,000 RNAi triggers against the SARS-CoV-2 genome,
using a massively parallel assay to identify siRNAs that exhibited hyper-potent activity
(IC50<20pM) and strong blockade of infectivity in live-virus experiments. We further
enhanced this activity by combinatorial pairing of the siRNA candidates and identified
cocktails were active against multiple types of variants of concern. Finally, we
demonstrated that intranasal administration of this siRNA cocktail effectively attenuates
clinical signs and viral measures of disease in the gold-standard Syrian hamster model. Our
results pave the way to development of an additional layer of antiviral prophylaxis that is
orthogonal to vaccines and monoclonal antibodies.   
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The promise of the antisense approach to treat a variety of diseases with oligonucleotides
and solutions to challenges that have been encountered in their development is
attributable to chemical modification of the nucleic acid scaffold. While these modifications
have been proven effective, many alter the underlying structure of the hybrid duplex thus
rendering it no longer a substrate for RNase H1. In that regard, we have synthesized a
novel C5-propynyl-β-D-arabinouridine (araUP) phosphoramidite followed by its
incorporation into oligonucleotides. Substitution of araUP in dT18 homopolymers results in
minor stabilization of duplexes formed with RNA when modifications are placed
consecutively, while destabilization is observed for duplexes formed with DNA. Moreover, a
uniformly modified araUP 18-mer  oligonucleotide was synthesized which increases duplex
stability by 34 °C relative to DNA. The modified oligomer exhibits improved nuclease and
serum stability when compared to DNA and duplexes formed between RNA and araUP
oligonucleotides are substrates for E. coli RNase H. These preliminary results merit further
investigation into C5-propynyl modified arabino nucleic acids for potential therapeutic gene
silencing applications. 

131



P87 - Chemically modified ASOs targeting the C9orf72 repeat
expansion found in ALS patients

4. Oligonucleotide/Rna Based Therapy 
Halle Barber1 , Miguel Garavís2, Mansi Parasrampuria3, Keith Gagnon3, Carlos González2,
Masad Damha1 
1 McGill University, Montreal, Canada
2 Instituto de Química Física Rocasolano – CSIC, Madrid, Spain
3 Southern Illinois University, Carbondale, United States

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease caused by repeat
expansion within the non-coding region of the chromosome 9 open reading frame 72
(C9orf72) gene. Both DNA strands are translated into long RNA (rALS, G-rich sense and C-
rich antisense) which aggregate as foci in the cell nuclei and are translated into dipeptide
repeat proteins (DPRs) in the cytoplasm. Accumulation of the foci and DPRs is toxic to cells
within the central nervous system and leads to progressive deterioration in the patient’s
health. Antisense oligonucleotides (ASOs) are an emerging class of therapeutics for genetic
diseases that function through modulation of different components related to the disease
phenotype. ASOs can be programmed to hybridize to complementary target RNA and either
sterically block ribosomal translation or recruit RNase H endonucleases for degradation.
Both mechanisms lead to gene knockdown and can be used to reduce the toxic phenotypic
effects of the repeat expansion found in ALS patients. In this study, we designed a series of
ASOs targeting the G- and C-rich repeats of C9orf72 rALS. These ASOs were chemically
modified within their sugars and backbones to favor translation blockage or RNase H
recruitment, increase cellular uptake and stability, and reduce nuclease degradation. The
ability of these ASOs to knockdown foci expression and DPR production were analyzed by
fluorescence in situ hybridization (FISH), flow cytometry-based reporter assays, and atomic
force microscopy (AFM). Overall, these studies provide insight into the genetic cause of ALS
and the successful design of therapeutic oligonucleotides to treat this disease. 
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Abstract
Background: Small interfering RNAs (siRNAs) with N-acetylgalactosamine (GalNAc)-
conjugation for improved liver uptake represent an emerging class of drugs to treat various
liver diseases. Understanding how pharmacokinetics and pharmacodynamics translate is
pivotal for in vivo study design and to estimate the human dose from preclinical data.

Methods: To estimate biophase (liver) half-life and potency across species, we collected
literature time-course biomarker data from mice, monkeys and humans for ten GalNAc-
conjugated siRNAs. Following the approach similar to [1], we applied K-PD modelling [2] to
estimate the biophase half-life in the target organ and the potency.

Results: Mouse, monkey and human data were found and digitized for six, seven, and ten
of the considered siRNAs, respectively. Model parameters were generally well estimated
using the K-PD model. The analysis indicates that the biophase half-life is 1-3 weeks in
mice, 1-8 weeks in monkey, and 1.5-14 weeks in humans. For individual siRNAs,
the biophase half-life is 1-7 times longer in human compared to mouse, and generally 1-3
times longer in human compared to monkey. Potencies, IDK50, were predicted to be similar
or smaller (up to 30-fold) in human compared to mouse, and similar or smaller (up to 100-
fold) in human compared to monkey. 

Discussion: We present the first systematic translational investigation of biophase half-life
and potency of GalNAc-conjugated siRNAs. Using the modelling output, we have proposed
quantitative guidelines for translation of the potencies and half-lives in the target organ.
The reported quantitative translational relationships may help guiding in vivo design and
human dose prediction. 
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Abstract
Droplet formation of biomacromolecules via liquid-liquid phase separation (LLPS) is
receiving increased attention as a novel mechanism that regulate and catalyze various
intracellular reactions1 (Figure 1). Most proteins involved in LLPS contain intrinsic
disordered region such as RGG domain and prion-like domain. On the other hand, little is
known about characteristics of nucleic acid involved in LLPS. Interestingly, G-quadruplex (),
a non-canonical nucleic acid secondary structure, interacts with proteins containing RGG
domain and forms droplet. The repetitive GGC sequence expansion of FMR1 gene, which
may fold to form a G4, is considered as an onset mechanism of neurodegenerative diseases
such as fragile X tremor/ataxia syndrome (FXTAS) and fragile X syndrome (FXS).
Furthermore, it is reported that G4 forming RNA interacts with RGG domain of FMRP, which
expressed from FMR12. Although the components of droplet are becoming clearer, a
regulation method of droplet via LLPS has not been developed.

In this study, we constructed a model droplet system with G4-forming oligonucleotide and
RGG rich oligopeptide. We further attempted to develop a regulation method of droplet by
use of a complementary oligonucleotide of G4. It was found that the complementary
oligonucleotide suppressed the droplet formation via a G4 to duplex structural transition.
Furthermore, it was suggested that the degree of the droplet dissolution depended on
thermodynamic stability of the duplex formation. In the presentation, we discuss the
quantitative relationship between thermodynamics and droplet dissolution relationship,
which may be useful to design rationally a oligonucleotide to control the droplet formation
via LLPS. 
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The Bcl-2 protein family are essential gatekeeper regulators of apoptosis.1 One protein
isoform (Bcl-xL) is of particular interest as a therapeutic target as it possesses anti-apoptotic
properties upregulated in a range of cancers. The Bcl-xS isoform is pro-apoptotic, with
exogenous regulation of Bcl-x splicing biasing the outcome of alternative RNA splicing
towards the pro-apoptotic Bcl-xS isoform providing a novel mechanism of action for cancer
therapy.2,3

Our collaboration has identified the ellipticine GQC-05 induces a switch in the alternative
RNA splicing of Bcl-x pre-mRNA to produce the pro-apoptotic Bcl-xS isoform (Fig. 1).4 This
presentation will describe an integrated chemical biological approach which aims to
interrogate the key molecular events leading to the splice-switching mechanism of action of
GQC-05. We will describe the development of photocrosslinking probes targeting Bcl-x pre-
mRNA and show how the use of these probes expands our understanding of splice-
switching as an emerging therapeutic strategy.5 
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Abstract
Uromodulin is the most abundant urinary protein in humans and is expressed almost
exclusively by epithelial cells lining the thick ascending limb (TAL) in nephrons1,2.
Hereditary gain-of-toxic-function mutations in the gene encoding uromodulin, UMOD, is the
leading monogenetic cause of autosomal dominant tubulointerstitial kidney disease
(ADTKD), a condition without viable treatment3–5. Many different mutations can cause
ADTKD, obfuscating the choice of therapeutic targets. To address this unmet medical need,
we aim to develop an antisense oligonucleotide (ASO) therapeutic that targets the UMOD
mRNA and prevents its translation. Chemically enhanced gapmer ASOs containing
phosphorothioate and 2’-O-methoxyethyl (MOE-PS) were designed against conserved wild
type (wt) sequences and against a single nucleotide polymorphism (SNP), R185S. ASOs in
the former “wt-targeting” library are able to reduce total uromodulin levels and have the
potential to treat the entire known ADTKDUMOD population and may also slow progression of
chronic kidney disease6. The latter “SNP-targeting” library will explore structure-function
relationships underlying SNP discrimination and allele-selective downregulation. Protein-
binding ligands will be considered for conjugation to the ASOs to improve pharmacokinetic
properties. 
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Abstract
The unique properties of Extracellular vesicles (EVs), such as biocompatibility
and the ability to cross biological barriers, render EVs a next-generation drug
delivery tool. Therapeutic EV research has seen tremendous development in the
past decade, from in vitro studies towards pre-clinical models to various clinical
trials. Even so, the road towards successful clinical translation has various
hurdles primarily due to manufacturing and fast plasma clearance of
exogenously delivered EVs. Here we have utilised gene therapy modalities to
engineer cells in vivo to utilise endogenously secreted EVs to deliver
biotherapeutics. For the generation of in situ engineered EVs in vivo, the EV
engineering transgenes were delivered either as an mRNA or DNA using state of
the art LNPs or in adeno associated viruses. Importantly these delivery vectors
have tropism to the liver and in part to the spleen. Therefore engineered EVs
primarily have a hepatic origin. For tracking and assessing pharmacokinetics in
situ engineered EVs in vivo, endogenous bioluminescent (BL) EV labelling
strategies were used. BL tagging of in situ EVs showed a body-wide distribution
of EVs to all major organs, including hard to reach tissues such as CNS and
muscle. This system could achieve a sustained release of engineered EVs in
circulation and showed a drastic increase in pharmacokinetic profile over
exogenously administered EVs. or therapeutic applications, using the liver as a
bio factory, in situ engineered EVs potently delivered an anti-inflammatory
protein to alleviate intestinal inflammation in an in vivo disease model which
mimics Crohn’s disease. 
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Abstract
microRNAs (miRNAs) regulate gene expression by inhibiting translation or inducing the
degradation of messenger RNA (mRNA). miRNA-34a (miR-34a) acts as tumor suppressor
and is down-regulated in many cancer cells1. miR-34a targets more than one hundred
experimentally validated mRNAs2. We aim to understand how structural features determine
miR-34a target selection. Previous work from our lab has revealed the structural features of
miR-34a upon SIRT1 mRNA binding, and showed that trapping the high energy, excited
state of this complex potentiated target repression. As a continuation, we aim to design
modified/mutated versions of miR-34a to specifically trap a subset of the targets, centered
around the hepatocyte nuclear factor 4 alpha (HNF4α), for treatment of cancer. Based on
the structural features of wild type miR-HNF4α revealed by Selective 2-hydroxyl acylation
analyzed by primer extension (SHAPE) analysis and Nuclear Magnetic Resonance (NMR)
spectroscopy, we designed four miR-34a mimics (Mod1-miR-34a to Mod4-miR-34a) to
modulate target selectivity. We found that Mod4-miR-34a, in which the supplementary
region has been altered, has increased down-regulation activity for HNF4α specifically and
no or less effect on other targets via dual luciferase reporter assays. SHAPE and NMR were
further performed to elucidate the secondary structures of modified/mutated miR-HNF4α
complexes in order to further investigate the structure-function relationship. In the future,
RNA-seq will be applied to explore the overall effects of the designed miR-34a mimics on
the transcriptome. In conclusion, we demonstrate the design of miR-34a mimics for specific
mRNA targeting.   
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Abstract
Huntington’s disease (HD) is a neurodegenerative, trinucleotide repeat (TNR) disorder,
affecting both males and females. It is caused by an abnormal increase in the length of
CAG•CTG TNR in exon 1 of the Huntingtin gene (HTT). The resultant, mutant HTT mRNA and
protein cause neuronal toxicity, suggesting that reduction of their levels would constitute a
promising therapeutic approach. We previously reported a novel strategy in which
chemically modified oligonucleotides (ONs) directly target chromosomal DNA. These anti-
gene ONs were able to down-regulate both HTT mRNA and protein. In this study, various
Locked nucleic acid (LNA)/DNA mixmer anti-gene ONs were tested to investigate the effects
of length, LNA content, and fatty acid modification. Altering the length did not significantly
influence the potency, while LNA content was critical for activity. The number and
positioning of fatty acid-modified LNA greatly affected the ONs activity. Taken together, our
findings provide an optimized design of anti-gene ONs with potential for the development of
DNA-targeting therapeutics for this class of TNR related diseases. 
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Abstract
Advancements in mRNA therapeutics have triggered the development of bioanalytical
methods for quantification of oligonucleotides in biological matrices. Low sensitivity and
specificity along with non-specific binding and low recoveries are drawbacks associated
with bioanalysis of oligonucleotides. An LC-HRMS method was developed for quantification
of unmodified oligonucleotides in human plasma samples. Development of a high-
throughput sample preparation method with high recoveries >90% was achieved utilizing
two LLE steps with phenol/chloroform and dichloroethane, requiring small sample volumes
appropriate for preclinical studies. The developed method has overcome challenges on
sensitivity due to signal division over multiple charge states and formation of adducts and
specificity due to the use of a high resolving instrument. Another advantage was the use of
the liquid handling workstation which allowed automation for a major part of the workflow.
Automating the method with the use of the liquid handling workstation, facilitated the
preparation and analysis of a large number of samples with high repeatability and
reproducibility. The method was verified in the range of 15-3000 ng/mL with good precision
(RSD) < 6% and accuracy (RE) < 5%. 
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During viral infections, higher organisms, including humans, activate several immune
defence pathways to defeat pathogens. One of them is related to the family of IFIT proteins
(Interferon-induced proteins with tetratricopeptide repeats). These proteins localize in the
cytoplasm and are responsible for capturing viral RNA molecules. Previous studies indicated
that IFIT1 has the highest affinity for RNAs carrying cap 0 structure (i.e. without 2’-O
methylation) at their 5' ends.

Here, we developed a MicroScale Thermophoresis-based (MST) method for evaluating the
affinity of IFIT1 for differently capped RNA molecules. To this end, we expressed IFIT1
protein in a prokaryotic E.coli-based expression system and purified the protein using
affinity chromatography, ion exchange chromatography, and gel filtration methods. MST
was used to examine the affinity of protein with ligands (cap analogs and RNA with cap
analogs) by determining the dissociation constants (KD) between each ligand and IFIT1.

As a result, we tested thirteen RNA cap analogs and determined affinity to IFIT1 (KD value)
for all ligands. We confirmed the high affinity to IFIT1 for every cap 0 RNA analogs
compared to the reference cap1 RNA, and also showed a significant effect of the
methylation level of the RNA cap on the interaction with the IFIT1 protein. Finally, we
demonstrated a difference in affinity to IFIT1 for modifications on the m7G structure
compared to modifications in the first transcribed nucleobase. 

The research was financially supported by the National Science Centre, Poland (UMO-
2018/31/B/ST5/03821) 
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Abstract
Chemical modifications are utilized by nature to modulate biological properties of mRNA
and are also a powerful tool to boost translational properties of in vitro transcribed (IVT)
mRNAs designed for therapeutic applications. One of the earliest discovered natural
modifications of mRNA is the 7-methylguanosine 5’ cap, which in humans can be
accompanied by additional methylations of the first and second transcribed nucleotide at
the 2’-O-methyl position. Moreover, if adenosine is present as the first transcribed
nucleotide, it can be additionally methylated at the N6-position to produce N6,2’-O-
dimethyladenosine (m6Am). The large differences in m6Am content reported for transcripts
from different genes indicate for a regulatory role of this modification, possibly relying on
reversible modification of the N6-position of adenosine. 

Here, we explored the chemical modifications at the N6-position of 5’ terminal m6Am taking
advantage of trinucleotide-based capping strategy.[1]  We designed a trinucleotide mRNA
cap analog that can prime T7-polymerase-catalyzed transcription yielding capped mRNAs
carrying N6-benzyl-2’-O-methyladenosine (Bn6Am) as the first transcribed nucleotide. 

We found that mRNAs carrying m7GpppBn6AmpG cap with Bn6Am have superior
translational properties in different types of cultured cells, compared to mRNAs containing
either Am or m6Am. Moreover, we unexpectedly found that Bn6Am within the 5’ cap acts
as an mRNA purification handle, enabling straightforward separation of capped and
uncapped mRNAs by HPLC. Finally, HPLC-purified, TransIT-formulated mRNAs encoding EPO
carrying Bn6Am were two orders of magnitude more efficiently expressed in vivo (mouse
model) after intravenous injection than reference mRNAs (m7GpppAmpG). 
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Abstract
Charcot Marie Tooth type 2S (OMIM 616155), is an autosomal recessive type of CMT, an
inherited peripheral neuropathy. Rare variants IGHMBP2 have been shown to cause CMT
Type II.  Cassini et al., 2019 reported a patient whose suspected diagnosis was CMT. Whole-
genome sequencing has revealed paternally inherited cryptic splice site variant (inherited
non‐coding variant (c.1235 + 894 C>A) deep in intron 8). RT‐PCR analysis was consistent
with activation of the cryptic splice site. Bidirectional sequencing of cDNA derived from the
patient's cells identified both ends of the splicing alteration. The abnormal transcript was
shown to undergo nonsense‐mediated decay (NMD), resulting in haploinsufficiency. The
objective of this study was to target IGHMBP2 - specifically cryptic splice site variant with a
novel ASO designed to avoid NMD.  We designed an ASO targeting specifically deep in
intron 8 (c.1235 + 894 C>A). The ASO was 19mer targeting the sequence around
CACTTCCAC(A)GGGGGAAGA.  CMT Type II patient-derived fibroblast cells underwent ASO
treatment (1uM) and incubation. Successful cellular entry was confirmed with flow
cytometry. Upon treatment with ASO we have observed a significant increase (~30%
increase) of the IGHMBP2 protein levels in the oligo-treated samples as compared to control
(WB). Additionally, qPCR results confirmed an increased ratio of restored WT transcript to
cryptic exon-containing transcript (~1.3-fold). While the improved clinical formulation of the
tested ASO may be necessary, the current preclinical data are supportive of potentially
efficacious treatment. This N-of-1 case exemplifies the shifting boundaries with rapid WGS-
based clinical diagnoses coupled with the rapid design of personalized ASO-based
therapeutics. 
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Well-characterized native-like tools to study RNA-based therapeutics are vital. Fluorescent
nucleobase analogues (FBAs) offer unique possibilities to probe nucleic acids at
physiological conditions while maintaining their native interaction patterns. Previously, we
have shown that using various FBAs as donor together with another base analogue as
acceptor can constitute excellent FRET pairs for distance and orientation dependent studies
of nucleic acid structures1,2. We also incorporated our analogues into antisense
oligonucleotide (ASO) gapmers and found them to be functional ASO labels3. Recently, we
have shown that the nucleoside triphosphate of our FBA tCO can be used to label long RNAs
enzymatically in in vitro reactions and used to study the cellular uptake of mRNA and its
subsequent translation into a functional protein4. In the continued development of FBA-
tools for RNA-based therapeutics, we present the spontaneous cellular uptake of two
fluorescent nucleotides from our adenine family. Relatively small differences in the
molecular structure of the modified nucleobases result in significant differences in their
intracellular localization, with one adenine analogue being capable of efficiently entering
the nucleus. Following the accumulation inside living cells this base analogue is accepted as
a building block by the cellular machinery and incorporated into RNA, rendering the RNA
fluorescent. The spontaneous cellular uptake and intracellular incorporation of FBA along
with our novel in vitro transcription-based labeling of long RNAs, and the ability of FBAs to
maintain native nucleic acid properties, offer a versatile toolbox to study the dynamic
aspects of RNA-based drug delivery and trafficking within living cells. 
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Abstract
Huntington's disease (HD) is a dominantly inherited neurodegenerative disorder. It affects
the striatum, cerebral cortex, and other subcortical structures. Symptoms include
emotional disturbances, involuntary movement abnormalities, and cognitive impairments.
The disease is caused by a CAG•CTG trinucleotide-repeat expansion in exon 1 of
the huntingtin (HTT) gene. The mutation leads to the formation of mutant HTT (mtHTT)
protein aggregates. Additionally, there is also evidence that mtHTT transcripts contribute to
the disease. Thus, the reduction of both mutated mRNA and protein would be the most
beneficial form of treatment. Previously, we designed a novel anti-gene oligonucleotide
(AGO)-based strategy. Direct targeting of the HTT trinucleotide-repeats in the DNA template
strand resulted in the downregulation of mRNA and protein in HD patient fibroblasts. In this
study, we differentiate HD patient-derived induced pluripotent stem cells to investigate the
effect of the AGO on the HTT transcription during neural in vitro development. The AGO is a
DNA/Locked Nucleic Acid mixmer with phosphorothioate backbone. For the first time, we
demonstrate the downregulation of HTT mRNA following both magnetofection and naked
delivery into neural stem cells (NSCs). Furthermore, we show that neither emergence of
neural rosette structures nor self-renewal of NSCs is compromised. Additionally, the
inhibition potency of both HTT mRNA and protein without off-target effects is confirmed in
neurons. These results further validate an anti-gene approach for the treatment of HD. 
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Abstract
Aberrant alternative splicing is a process that contributes to different diseases appearance,
including cancer [1]. In our research we focused on redirection of PKM gene alternative
splicing mediated by bifunctional antisense oligonucleotides (BASOs). BASOs are composed
of two different, functional parts: antisense sequence that is responsible for hybridization of
molecule to the target pre-mRNA and regulatory part that serves as binding platform for
splicing factors. The proteins that interact with BASOs play regulatory function in this
approach. Mutually-exclusive alternative splicing of PKM gene produces two different
isoforms i.e. PKM1 (with exon 9) and PKM2 (with exon 10). PKM2 contribution to cancer
development and progression has been already proved [2]. We designed BASOs that inhibit
the splicing of exon 10 and increase PKM1 isoform production with or without simultaneous
reduction of PKM2 level. In the first part of the studies, we chose one regulatory sequence
and screened different positions of BASOs hybridization to PKM pre-mRNA. We identified
one hybridization position where the regulatory effect was the most favorable (Fig.1). Next,
we introduced different modifications in the regulatory part of BASO to optimize its
effectiveness. The most potent BASOs were used in migration and invasion assays of SKOV-
3 cell line. Our studies proved that BASOs-mediated redirection of PKM gene alternative
splicing decreases migration and invasiveness of cancer cells. The studies showed for the
first time the possibility to regulate mutually-exclusive alternative splicing of PKM gene by
BASOs. The results presented herein might contribute to the development of new, superior
therapeutic tools. 
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Abstract
Influenza A virus (IAV) is a negative sense RNA virus, which genomic information is divided
into eight RNA segments. IAV is a respiratory tract pathogen, causing seasonal epidemics
and pandemics among humans. IAV is recognized one of the most dangerous viruses
worldwide. It infects nearly 1 billion people annually, resulting in 290–650 thousand deaths
from illness complications. There is no universal vaccine for flu and used therapeutics are
not efficient. Therefore, developing new influenza inhibitors and new strategies to fight flu
is highly needed. Growing knowledge about influenza RNA structure and its importance for
viral cycle gives opportunity for designing potential drugs targeting RNA.

The main goal of the presented research is to inhibit replication of IAV by vRNA interactions
with small molecules (SMs). SMs binding to vRNA were selected during high throughput
screening (HTS). The library of compounds has been screened for four conserved influenza
RNA motifs. After detailed data analysis, antiviral properties of selected SMs were verified in
Madin-Darby canine kidney (MDCK) cells infected with A/California/04/2009 (H1N1) strain.
Quantitative Real-Time PCR analysis and Immunofluorescence Focus Formation Assay
showed that 8 SMs significantly lowers vRNA copy number and viral titer, respectively.
Additionally, molecular docking (MD) of SMs to the conserved RNA motifs using AutoDock
Vina was conducted showing tight binding to RNA target. Crucial interactions in MD with
RNA for selected SMs were determined and described. In summary, out of the 14
compounds selected for verification in MDCK cells, 8 demonstrated inhibitory properties
against IAV. 
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One of the basic structural elements in mRNA that are required to keep mRNA functional
and stable is a 5’-end cap structure that consists of 7-methylguanosine connected via 5’-5’
triphosphate bridge to the first transcribed nucleoside. This unique structure is recognized
by highly specialized cap-binding proteins, and is involved in a number of processes,
including maturation, nuclear export, initiation of translation and turnover of mRNA.  A lot
of interest in modified cap analogs has been observed in recent years due to the fact that
they can be used as a part of  therapeutic mRNAs. One of the first modified cap analog that
was used in order to achieve correct orientation during in vitro transcription reaction
incorporation of chemically synthesized cap analog into mRNA were Anti-Reverse Cap
Analogs (ARCA) possessing the methyl group at the C2’ or C3’ position of 7-
methylguanosine.1 This type of analogs have also been used in current mRNA vaccines
against COVID. Within this work we describe the continuation of our previously published
research2 with the use of a wider range of cap analogs modified only within the exocyclic
amine group of 7-mrthylguanosine. The conducted research concerns both the analysis of
cap orientantion of obtained capped RNA and their translational properties in RRL and
HEK293 cells. The results showed that the incorporation of appropriate substituents at the
N2 position of guanosine ensures a high level of translation using capped transcripts  in
predominantly correct orientation. 
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This study aims to develop a novel platform of multivalent conjugation consisting of multi-
arm polyethylene glycol (PEG) with an antisense oligonucleotide (ASO). ASOs are currently
being used as a promising class of drugs targeting a wide range of diseases, with the
mechanism of selectively inhibiting the translation of disease-associated genes via
Ribonuclease H (RNase H)-mediated cleavage or steric hindrance. However, there are
several limitations of ASO technology, such as low cellular uptake, short half-life, low
nuclease resistance etc. PEG conjugated ASOs may result in an improvement in the
pharmacokinetic behavior of the drug. Moreover, PEGylation can increase the conjugates'
stability and retention time in blood, and reduce enzymatic degradation and renal
excretion. The present study developed a synthesis and purification technique for large
10KDa 4-arm PEG conjugated with ASOs with different linkers. The conjugates were
subjected to evaluate their hybridization ability, nuclease stability, and in vitro gene
silencing properties. The result shows that the 4-arm PEG conjugated tetra ASO has
excellent nuclease stability without compromising the hybridization ability. On the other
hand, the conjugated tetra ASO showed knock-down efficiency, which was relatively lower
than the control unconjugated ASO in vitro. The following presentation will demonstrate
some in vitro properties of 4-arm PEG conjugated tetra ASO and their synthesis,
purification, and characterization protocol. 
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Abstract
For the last decades, development of mRNA therapeutics that are broadly applicable for
treatment of many diseases including cancer and rare diseases, have become a very
promising and innovative drug design concept. However due to its instability and high
immunogenicity the use of mRNA therapeutics so far has been limited.

It is well known that mRNA 5’ cap protects mRNA from premature degradation and initiates
the translation. Moreover, modification of the mRNA cap can influence mRNA stability,
translation efficiency and immunogenicity. The mRNA cap consists of 7-methylguanosine
which is linked to the transcribed nucleotides via 5´-5´ triphosphate bridge. The following
transcribed nucleotides are linked through the 3´- 5´phosphodiester bonds. Modification of
mRNA cap can be incorporated within the triphosphate bridge or transcribed nucleotides.
Within the transcribed nucleotides the modification can be placed either on the nucleobase
or the sugar moiety.

This report presents the first steps towards the synthesis of novel, unique mRNA cap
analogues modified within the first transcribed nucleotides that may display a superior
translational property, which would provide new benefits to therapeutic mRNA.

Acknowledgment: This project has received funding from the European Union’s Horizon
2020 research and innovation programme under the Marie Sklodowska-Curie grant
agreement No 861381. 
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We have recently proposed a new strategy and a practical tool for cancer cell-selective
oligonucleotide therapeutics, named Peptide Ribonucleic Acids (PRNAs) with active on-off
control of functional RNA activities corresponding to cancer cell-specific intracellular
conditions. The PRNAs can be actively off to on switching the complexation behavior with
target RNAs induced by lowered pH of cancer’s cytoplasm.
Meanwhile, RNase H activities of antisense molecules would be one of the most crucial
factors for a practical antisense strategy. Thus, in this study, we have been designed PRNA-
DNA chimeras, in which both PRNA and DNA domains work as recognition sites for the
complexation with target RNAs and PRNA moieties work as recognition control/switching
devices, while DNA-RNA hybrids formed in the DNA domains of the chimera should be
substrates of RNase H and then target RNAs cleaved by the enzyme. To improve cleavage
efficiency, we focused on the binding mechanism of DNA/RNA duplex to RNaseH’s basic
binding channel and proposed a chimeric neutral amide backbone of PRNA connected with
negatively charged DNA’s phosphate-sugar backbone. In the design, the cleavage site of
the target RNA should be restricted to the position of the junction site of the chimera.
Fortunately, efficient and very enhanced cleavage of target RNAs compared with those with
DNAs was observed for PRNA-DNA chimera/RNA complex by RNaseH. Regulation of protein
synthesis by PRNA-DNA chimera was also evaluated by in vitro cell-free protein synthesis
system, and effective regulation was observed. 
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Classical anti-cancer approaches often involve the targeting of genomic DNA. However,
these drugs often display poor selectivity, leading to undesired off-target interactions.

Given their tactical localization, four-stranded nucleic acid structures, such as G-
Quadruplexes (G4) and i-motifs (IM), have been extensively studied as novel therapeutic
targets,1 as it is believed that they allow sensibly increasing the selectivity of new anti-
cancer therapies.

Driven by the crescent interest in this field, and taking advantage of the large number of
G4-binders reported so far,2 we investigated a bimolecular approach for achieving selective
G4-alkylation, using a pro-reactive furan-containing ligand, activated by red-light irradiation
of a proximate binding photosensitizer. G4-alkylation can be achieved in a high yield at low
ligand excess, and proved to be specific for G4 structures over double-stranded DNA.3

As the methodology showed to be extremely simple, we, therefore, decided to extend it to
the targeting of IM-nucleic acids.  By incorporating a furan moiety into ligands able to
selectively recognize these structures, and by using an IM-binding photosensitizer, we
showed the possibility to translate our previously developed methodology o the selective
targeting of these secondary DNA structures. To solve the problem of the non-specific
alkylation of multiple G4 and IM sequences, we decided to aim for their sequence-specific
targeting, introducing our ligand onto a Peptide Nucleic Acid-analogue able to precisely
recognize a given target.4 If successful, this methodology could constitute a novel chemical
tool for understanding the effect of targeting specific secondary structures over the
thousands of others present in the entire genome.5 
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Abstract
The design of sequence-specific molecular probes that enable manipulation and relay
structural information is of growing interest to diverse fields of biochemical research.1
Recent discoveries in probe design have enabled the hybridisation of oligonucleotides to
distinctive metal complexes, thereby enabling site-specific reactivity under the guidance of
the recognition probe.2-3 Similar to deoxyribose-based triplex forming oligonucleotides
(TFOs),4 peptide nucleic acids (PNAs) can bind oligonucleotide targets in a sequence-
specific manner via triplex formation and triplex invasion.5 PNAs are known for their strong
binding affinity due to the presence of a neutral backbone. In this work, we employ strain-
promoted click chemistry to conjugate azide functionalised transition metal complexes to
alkyne-modified oncogene-targeting PNA sequences to generate metallated-PNA
constructs. The Ru(II)-PNA hybrids can act as useful theranostic tools where the
intercalative and “light-switch” luminescent properties6 of Ru(II) polypyridyl complexes
provide diagnostic recognition towards the oncogene of interest. Pt(II) hybrids are
anticipated to act as directed potent DNA binders through electrostatic and hydrogen
bonding interactions.7 
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Cap structure is a modification present at the 5'-end of mRNA of all eukaryotic organisms
and plays an important role at all steps of gene expression. It is made of 7-methyl
guanosine that binds via a unique for nucleus acids 5’,5’-triphosphate bond with the first
transcribed nucleotide. The interaction of the cap structure with eukaryotic initiation factor
4E present in the cell in a very limited amount plays a key role in the mechanism and
regulation of initiation of translation. Excessive expression of eIF4E causes uncontrolled
protein synthesis which may lead to oncogenesis[1]. For many years it has been tried to
counteract the overexpression of eIF4E protein in different ways. One of them being
binding excess eIF4E in cells through adding a specific inhibitor as cap analog[2].

All cap analogs produced so far have not been used in in vivo studies as they are unable to
pass through the cell membrane due to the presence of electrical charge. One of potential
method to solve this problem is conjugate a cap analog with gold nanoparticles (AuNPs).

This poster will show efforts of our work to design potential dinucleotides cap analogs bond
to AuNP’s that could be used as new pharmacological tools and anti-cancer agents. Our
results show that obtained cap analogs containing the -SH group attached to the second
nucleoside are able modified  AuNP’s surface without stabilizer such as GSH.

Acknowledgments: This work was supported by the National Science Centre in Poland Grant
No. 2018/31/B/ST5/03544 
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Abstract
Duchenne Muscular Dystrophy (DMD) is a lethal neuromuscular disease caused by
mutations in the dystrophin gene. The deletion of exons leads to a frameshift in the mRNA
and the production of a truncated, non-functional form of the dystrophin protein. Exons 51
and 53 of the pre-mRNA can be skipped and the recovery of a readable frame leads to a
shorter, but functional form of the protein. An antisense oligonucleotide (ASO) that base
pairs to these exons creates a steric block to the splicing machinery, disrupting splicing and
resulting in exon skipping. Approved exon skipping ASOs on the market are based on
phosphorodiamidate morpholino oligomers (PMO) and phosphorothioate (PS) 2ʹ-OMe
modifications, however, their approval is controversial, and observed levels of dystrophin
increase were minor with unclear therapeutic relevance.2,3

In this presentation, we describe the design of novel modification patterns containing 2’-
OMe, LNA and 2’-FRNA with a PS backbone that produce unprecedented skipping levels for
exon 53 in vitro, followed by optimistic results in vivo. For exon 51, an issue arose with the
apparition of unwanted cryptic splicing products, as well as weak exon-skipping when
delivered under gymnosis conditions. To recover the correct splicing product and increase
cellular uptake, we are pursuing ASOs containing new patterns and combinations of 2’-
modified nucleotides. We present data on their binding affinity towards a complementary
RNA through Tm experiments, and their activity when administered to immortalized KM155
myotubes and mice. We also describe the synthesis of ASO-conjugates in an attempt to
enhance their muscle tissue delivery.4,5 
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Nucleic acid-based therapeutics have the potential to transform modern medicine.
However, although exogenous nucleic acids can tightly regulate gene expression, they are
poor drug candidates in themselves unless fitted with a compensatory carrier system.
Nature has elegantly solved this problem by packaging nucleic acids into containers made
of protein, which are able to invade host cells, release their cargo and thus replicate:
viruses. Ideally, we would be able to design a carrier system from scratch that has all of the
benefits of a virus but without the drawbacks. To engineer a nucleic acid delivery vehicle
from a nonviral protein cage, we employ a simple, rational design approach to generate
function. Our strategy takes advantage of the recent advances in computationally designed
protein assemblies, using an artificial protein cage as the starting scaffold for the bottom-
up construction of a nucleic acid carrier. By introducing arginine mutations to the lumenal
surface of the protein cage, a positively supercharged container is created, which can
encapsulate negatively charged oligonucleotides in vitro with high binding affinity. We
demonstrate that the siRNA-loaded cage is efficiently taken up by mammalian cells and is
able to release its cargo to induce RNA interference and knock down gene expression. This
platform provides a general basis for further engineering towards improved efficacy, cell-
specific targeting and pharmacokinetics, which could be applied to all manner of
therapeutic oligonucleotides. 
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Abstract
Nucleic acid-based therapeutics have a great potential for the development of new
treatments for neurological disorders (1). However, challenges related to the multiple
biological barriers for their functional delivery into brain and neuronal cells, highlight the
need for effective delivery methods (2, 3). DNA nanostructures (DNA-NS) are promising
delivery vectors for nucleic acid drugs, with high control on the number and spatial
distribution of cargos or targeting ligands integrated per nanostructure (4). Still, the
potential for neuronal functional delivery of nucleic acid drugs has not yet been
investigated with DNA-NS.

In this study, we aim to demonstrate the enhancing of cell uptake and transfection
efficiency in neurons using a multifunctional DNA-NS as a delivery vehicle. To explore an
active targeting strategy, aptamers were functionalized to DNA-NS. DNA-NS and Apt-
functionalized DNA-NS (DNA-NS-Apt) were characterized by polyacrylamide gel
electrophoresis (PAGE), atomic force microscopy (AFM) and dynamic light scattering (DLS).
By flow cytometry and confocal microscopy, an increase in cell uptake was observed for
DNA-NS-Apt in comparison to control DNA-NS (non-functionalized or functionalized with
scrambled aptamers), both in neuronal cell lines and primary cortical neurons. To study the
delivery efficiency, a therapeutic siRNA was functionalized to DNA-NS and DNA-NS-Apt, as a
proof of concept. The transfection will be accessed by RT-qPCR in cell lines and primary
neurons.

With this study we expect to expand the strategies to facilitate nucleic acid delivery into
neurons, opening new opportunities for the development of new nucleic acid-based
neuronal targeted therapeutics.
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After the initial discovery of Cell penetrating peptide (CPP) in 1988, notable advancements
were recorded in the arena of CPP-based delivery of bioactive therapeutics1. Since then, the
versatility of CPP is explored not only in terms of its ability in delivering small molecular
drugs to large macromolecular bioactive pharmaceutics into cells but also its ability to
selectively target the carcinoma cells over the normal cells both in vitro and in vivo. CPP
endowed with high arginine content/amphipathicity, suffers from the major drawbacks such
as: in vivo metabolic instability, poor bioavailability and reduced endosomal escape
tendency2. In this context, we first introduced a new class of cellular transporter having
guanidinium functionalized δ-azaproline (δ-azp) containing peptide named as FAT (Flexible
Azaproline Transporter)3. The δ-azp structurally resembles the ‘proline’ amino acid having
an additional ‘N’ at the δ-position and imparts proteolytic stability as shown in our previous
publication4. Direct translocation is the possible pathway for cellular entrance of Bodipy-
conjugated FAT in CHO cells. Interestingly, FAT showed random coil like structure which is
structurally different from the polyproline PPII helix. The versatility of FAT was explored
when it delivered two macromolecular cargos e.g. pro-apoptotic domain (PAD, a 14-mer
peptide) and programmed death ligand 1 (PDL1) morpholino (a 25-mer antisense oligo) in
human carcinoma cells in vitro, the efficacy of which was judged by analyzing the MTT
assay and western blot technique, respectively. Thus FAT could be envisaged as promising
drug delivery agent as an alternative to natural CPP for future application. 
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The second messenger cAMP is ubiquitously present in cells and is involved into various
signalling processes. To transduce a signal, cAMP can either bind to distinctive cyclic
nucleotide gated (CNG) ion channels or activate the protein kinases A. However, the role
and the mechanism of action of different cNMPs in T cell regulation is not fully elucidated
yet. A better understanding could enable the identification of novel targets for the
treatment of autoimmune diseases. In cell-studies with cAMP or other cNMPs are difficult as
their high polarity exclude them from passive membrane transport. Membrane-permeable
cNMPs would enable such studies.

Starting from the nucleosides we synthesized different acyloxybenzyl-(AB)-masked cNMP
derivatives on a short and flexible chemical route using phosphoramidite chemistry.
Hydrolysis tests showed high chemical stability of the AB-cNMPs which was significantly
higher than the rate of enzymatic activation. We evaluated the capability of AB-cNMPs to
cross cell membranes and to deliver the AB-ester intracellularly. A FRET based cell assay in
cardiomyocytes or hippocampal neurons proved the cellular uptake of AB-cAMP or AB-cGMP
and the esterase catalysed activation. In a second set-up Jurkat T cells were loaded with a
Ca2+ selective fluorescent dye and incubated in AB-cAMP derivatives. This assay confirmed
the rapid uptake of AB-cAMPs into cells and the almost immediately occurring cellular
response. Thus, we have developed novel membrane-permeable delivery systems for
several highly polar, phosphorylated nucleoside second messengers for non-invasive
studies on intracellular signalling. 
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Oligonucleotide therapeutics for the treatment of genetic diseases have been optimized to
high specificity and low toxicity but unsuccessful non-viral delivery has marred the
prospects of many promising candidates such as RNA or morpholino based antisense
therapy. We have reported an amphipathic Internal Oligoguanidinium Transporter (IGT) that
successfully delivered Nanog targeting antisense Morpholino in MCF7 cells with efficient
gene silencing in presence of serum1. The transfection and toxicity profiles of the
asymmetric aminopiperidine containing IGT depend on the head group which led us to
further modulate the properties with biologically relevant groups. High transfection, low
toxicity and high endosomal escape were the determining factors in our quest for the ideal
IGT from a set of twenty analogues, all of which were designed rationally with various
structural and functional group modifications.  Major variations involved exploration of
benzyl and cholesteryl containing head groups on IGT. In this series, pentafluorobenzyl (PF
Cbz) and cholesteryl (Chol) modified IGTs were selected on the basis of safety window of
operation which successfully delivered a pro-apoptotic domain peptide, KLAKLAKKLAKLAK
in different cancer cell lines and induced apoptosis as an example of efficient endosomal
escape since the KLA peptide itself does not enter the cells2. We have also successfully
delivered Nanog targeting antisense RNA with the better analogue PF Cbz proving that IGT
is a versatile delivery vehicle that can be judiciously utilized for all types of cargo. Further
research involving IGT conjugated to morpholino oligos at 5́ position as a cell-penetrating
antisense reagent is under development. 
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Identifying molecules able to specifically recognize DNA G-quadruplex (G4) structures is
one of the most promising strategies for developing novel, effective drugs in targeted
anticancer therapies. In order to develop effective anticancer candidate drugs with limited
side effects, a still open challenge is the identification of ligands able to target specific G4-
forming sequences in the genome, discriminating them from the most abundant DNA form,
i.e. the duplex structure.[1] 

In this regard, a very recent strategy was developed aimed at targeting the interface
between two adjacent G4 motifs, which represents a highly specific binding site considering
that these interface regions are mainly present at telomeres and can be formed only by
G4s and not by duplex DNA.[2]

To selectively target telomeric G4s, naphthalene diimides (NDIs) were investigated as
potential binders of G4-G4 interfaces by combination of the G4-CPG (G-quadruplex on
Controlled Pore Glass) assay ‒ i.e. a recently developed affinity-chromatography-based
method to identify G4 selective ligands ‒ and spectroscopic, electrophoretic and
calorimetric techniques, as well as in silico prediction analysis and docking studies.
Recently implemented, the G4-CPG assay has been here applied for the first time for
screenings on long DNA sequences able to fold into more than one G4 unit, so to extend
the method also to higher-order non-canonical structures.[3]

Overall, this study aims at providing new information on the targeting of biologically
relevant multimeric G4 structures, contributing to the design of new, optimized telomere-
specific DNA ligands as promising anticancer drugs. 
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Abstract
The phosphorothioate (PS) backbone is the most widely used modification in therapeutic
nucleic acids, including antisense oligonucleotides (ASO). PS-modified oligonucleotides
exhibit enhanced interactions with cellular proteins, which facilitates productive ASO
uptake and cell retention, but might also contribute to cytotoxic properties of the drug
molecule.

To better understand how PS ASOs interact with cellular proteins, we employed protein-
nucleic acid crystallography and biochemical experiments using two ASO-interacting
proteins: PC4, a single-stranded DNA-binding transcriptional co-activator, and annexin A2, a
protein without canonical DNA-binding domains, but previously implicated in release of PS
ASOs from endo-lysosomal compartments. We found that interactions between the sulfur
atom of the phosphorothioate and the protein surface are mediated mainly via lysine and
arginine side chains and are mainly of hydrophobic character, suggesting that the
hydrophobic nature of sulfur contributes to the association of PS ASOs with cellular
proteins. We confirmed the importance of the contacts that were observed in the crystal
structures by mutational studies and binding assays. Using the anomalous diffraction of
sulfur, we showed that preference for phosphorothioate stereoisomers is determined by the
hydrophobic environment around the PS linkage that comes not only from protein but also
from structural features within the ASO such as 5-Me groups on cytosine nucleobases.

Overall, our results provide valuable insights into the general mechanism of the enhanced
binding of PS ASOs to cellular proteins and indicate that this mechanism is observed not
only for nucleic acid-binding proteins but may also account for association of ASOs with
other classes of proteins. 
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MicroRNAs and lncRNAs are implicated in the progression of different pathologies such as
cancer. Restoring the usual levels of selected microRNAs or lncRNAs can promote the
normal behavior of cells, or increasing their sensitivity to drugs [1]. However,
oligonucleotide-based therapies present an array of challenges, such as reduced tissue or
cell selectivity, poor cell internalization, and low stability; on the other hand, hydrophobic
drugs present inconvenient during their administration to patients [2]. To mitigate these
issues, nanocarriers can be employed. In this research, we have studied the use of gold and
magnetic nanoparticles in oligonucleotide delivery.

We propose a microRNAs cocktail combined with chemotherapy to treat lung or breast
cancer.

Regarding lncRNA, oncogenic lncRNA such as MALAT1 or PVT1 are downregulated with
designed siRNAs to restore normal levels in breast cancer cells.
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An interesting class of compounds for potential therapeutic use are cap analogs present at
the 5 'end of the eukaryotic information ribonucleic acid (mRNA). This approach is based on
numerous observations, that in the case of cancer cells an increase level of eIF4E protein
that responsible for the recognition of the cap thereby holding the regulatory function in the
process of translation initiation is observed. Cap analogues inhibit the initiation of
translation by competing with the cap for a binding pocket of eIF4E. The main problem,
which prevents the use of cap analogues in vivo is the net negative charge associated with
the presence of phosphate groups, which prevents the penetration of such compounds into
the cell. In recent years there has been numerous attempts to develop non-invasive
transport of biologically active compounds into cells through their covalent or non-covalent
conjugate with carriers that are themselves able to penetrate the cell membrane.
Presented project will describe various synthetic methods for the preparation of properly
modified cap structures (mono- and dinucleotides) that allowed us to conjugate them to the
Ag nanoparticles via amide and ester bonds. Aforementioned analogs will be attractive due
to the presence of intra disulfide linkage that could be degraded under intracellular
conditions by the presence of glutathione (GSH) which is the most abundant thiol in the
cytoplasm and a major reducing agent in many biochemical processes. 
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Microarrays are powerful platforms to study the extraordinarily vast realm of interactions of
DNA, RNA and analogs with nucleic acids, proteins and small molecules. Photolithographic
in situ is the ideal approach for large-scale preparation of libraries as >780000 unique
sequences can be synthesized in parallel and on the same surface. Phosphoramidite
chemistry being at the core of microarray photolithography, the process is as versatile as
solid-phase synthesis and can accommodate DNA, RNA, nucleoside analogs and a wide
variety of modifiers. Such a structural diversity allows for binding events to be studied in a
high-throughput scale inaccessible to any other synthetic method.

We have recently shown how in situ array synthesis can be expanded to RNA1, to
nucleoside analogs like 2′F-ANA and mirror-image L-DNA2, but also how the resulting
platform can be further sophisticated by applying multiple layers of selective chemical
reactions, from cross-linking, to fluorescent labelling and enzymatic processing3.

Our attention is also focused on the preparation of comprehensive sequence permutations
to study and improve the binding affinity of chemically-modified DNA/2′F-ANA
oligonucleotides or to decipher the sequence preference of RNase H enzymes in DNA/RNA
chimeras. In another area, we exploit the spatial organization of nucleic acid structures on a
2D surface to create molecular patterns that can serve as data encryption and
authentication protocols.

We wish here to illustrate and demonstrate how our high-density nucleic acid arrays go
beyond traditional gene expression purposes and engage in the realm of data science,
analytical and biological chemistry. 
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Abstract
Since 2019 the world is struggling with the ongoing pandemic of coronavirus disease
(COVID-19) caused by SARS-CoV-2 which is a novel virus designated as severe acute
respiratory syndrome coronavirus 2. This RNA virus has a large genome encoding 16 non-
structural proteins including two methyltransferases – nsp14 and nsp16 which in complex
with nsp10 form cap 0 (nsp14) or cap 1 (nsp14 and nsp16) structures at 5´-end of viral RNA
transcripts. This mechanism of mRNA 5´ capping is a strategy used by SARS-CoV-2 to
mimic the host mRNA and thereby protect its own mRNAs from translational shutdown.
Enzymes involved in mRNA capping are potential drug targets and identification of their
inhibitors may lead to the development of new antiviral therapies. The nsp16 is an RNA 2´-
O-methyltransferase, which methylates the 2´-O position of ribose of the first transcribed
nucleotide in RNA. Here, we developed a new approach to study activity and evaluate
inhibitors of nsp16/nsp10 methyltransferase complex. The method is based on the
extension of fluorescently labelled DNA primer by reverse transcriptase in the presence of
IFIT1 protein, which binds to cap 0 structure on the RNA 5´-end with higher affinity in
comparison to cap 1. Therefore, depending on the RNA structure at 5´-end the reverse
transcription product complementary to RNA sequence has a different length. The ratio
between full-length and short reverse transcription product formed in the presence of IFIT1
protein is further analysed using polyacrylamide gel electrophoresis. This method was then
harnessed to test potential, in silico-designed inhibitors of nsp16. 
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Abstract
The tridimensional structuration of supramolecular assemblies has a strong importance on
their biophysical properties and their functions whether there are natural (DNA or proteins)
or synthetic (molecular machines or polymers). Foldamers are linear oligomers able to fold
into secondary structures stabilized by non-covalent forces: hydrogen bounds, p-p or s-p
interactions and van der Walls forces.1

In this context we have developed the synthesis of water-soluble DNA-inspired foldamers
based on 1,5-dialkoxynaphthalene (DAN) and 1,8,4,5-naphthalenetetracarboxylec diimide
(NDI) which are stabilized by donor acceptor complementary electrostatic interactions know
as charge-transfer interaction.2

DAN and NDI phosphoramidites were synthesized and assembled by a DNA synthesizer as
homoDAN, homoDNI and hetero3 DAN/NDI oligomers. Their folding alone or in mixture was
studied by AFM. It was demonstrated that such foldamers are able to form, in water, fibres,
nanotubes and hydrogels by supramolecular assemblies through charge-transfer
interactions.
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Abstract
Fluorescent labelling of DNA is of great importance in microscopy, bioanalysis and
diagnostics.1,2 Use of environment-sensitive fluorophores enables sensing changes in
microenvironment within or in the vicinity of the DNA duplex.

New thymidine triphosphate bearing benzylidene-tetrahydroxanthylium near-IR dye was
synthesized and used for DNA synthesis. The nucleotide showed significant increase of
fluorescence upon incorporation into DNA (Figure A) and allowed real-time monitoring of
DNA replication during polymerase chain reaction.3 Use of some modified nucleoside
triphosphates for labelling of genomic DNA will be also presented (Figure B). 
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The biodistribution and concentration of antisense oligonucleotides (ASOs) at the
subcellular level is proving to be central to the mechanism of action for this class of drugs.
The key challenge is to determine if the compound is reaching its intracellular target at
sufficient concentration to achieve optimal potency and minimal toxicity. Various
techniques have been established to study the intracellular distribution of ASOs. However,
those studies usually require the use of labelled probes or compounds, like fluorescent
dyes, that may alter the ASO properties and in some cases exaggerate drug toxicity. In
parallel, quantitative analysis of ASOs generally depends on biochemical assays and/or LC-
MS. But those methods rely mostly on lysate preparations and those cannot easily be used
to provide subcellular localization information.

Nanoscale secondary ion mass spectrometry (NanoSIMS) has already proven useful to
study the subcellular distribution of a variety of elementally and/or isotopically labeled
therapeutics in intact cells. We used NanoSIMS imaging to detect a 34S-labeled
GalNAc-Malat1 conjugate or a halogen-labeled-Malat1 in liver spheroids. Additionally,
correlation of NanoSIMS with scanning electron microscopy (SEM) allowed to the
identification of subcellular structures corresponding to ASOs accumulation within
organelles of the endolysosomal pathway. Additionally, enrichments of ASOs detected by
NanoSIMS for the different experimental conditions were translated into relevant
concentrations via the use of homemade standards to follow the evolution of the labeled
ASOs signals. 
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If we are to understand the interaction landscape of nucleic acids, we need appropriate
tools. Surface-bound DNA oligonucleotide libraries serve to detect and measure binding
interactions between DNA and nucleic acids, proteins and small molecules. With hundreds
of thousands of different molecules immobilized, such DNA microarrays enable the parallel
investigation of all these sequence variants on just a single surface. High oligonucleotide
densities can be attained by photolithographic synthesis – a uniquely flexible method based
on phosphoramidite chemistry supplemented with photosensitive monomer protecting
groups and an optical setup that images UV light patterns onto a flat surface.

In contrast to DNA, the spectrum of methods to investigate the RNA interactome and its
role in biological processes, e.g. post-transcriptional regulation of genes and RNA virus
infection, is limited by the commercial unavailability of RNA microarrays. The few existing
production methods, still at an experimental scale, either require costly and very
specialized infrastructure1-3 or yield surfaces of only low density4.

Aiming to facilitate access to customized RNA microarrays to a larger group of researchers,
we have developed a straightforward method based on enzymatic conversion of DNA
microarrays. We first attach a short psoralen-modified RNA primer to the linker via light-
induced crosslinking, resulting in surface-immobilized single-stranded RNA after enzymatic
polymerization with T7 RNA polymerase and DNase-mediated degradation of the DNA
templates. This approach yields RNA microarrays of equally high spot density as
photolithographically synthesized DNA template arrays and importantly, enables the
generation of RNA microarrays by converting DNA microarrays even from commercial
sources. 
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Nucleic acids offer a wide range of biomedical applications due to their easy synthesis,
capability for biorecognition, and flexible design. Harnessing these properties, we have
developed nucleic acid probes (oligonucleotides) that are promising diagnostic tools for
cancer. Oligonucleotides serve as substrates to nucleases, enzymes that degrade the
phosphodiester bonds between the sugar moieties in nucleic acids. Through integrating
chemical modifications to the oligonucleotides, we render them to resistant to the healthy
nucleases and only degradable by cancer nucleases. Hence, we tailor sensitive and specific
tools that detect cancer associated nucleases.

Herein, we report on a nucleic acid probe that differentiates between breast cancer and
healthy cells based on cell surface associated nuclease activity. Additionally, we report on a
panel of 3 probes that are capable of differentiating cancer tumors from healthy breast
tissues with high accuracy (89%), sensitivity (82%) and specificity (94%). A probe selection
implies an iterative process of screening for nuclease activity, design of chemically modified
probes as substrates and design optimization. In addition, other detection system such as
magnetic resonance imaging (MRI)-probes will be also discussed.

Our work emphasizes the potential use of tailored nucleic acid probes as diagnostic tools.
The panel of 3 breast cancer oligonucleotides can be readily utilized in the clinic as an
adjunct to the histopathological analysis. Moreover, we envision  to utilize the breast cancer
probes as a noninvasive diagnostic tool implemented in MRI or other imaging modalities. 
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Expansion of the genetic alphabet with unnatural base pairs (UBPs) not only enhances the
genetic storage capacity but also drastically augments the chemical scope of nucleic acids.
Thus, application of UBPs in SELEX (Systematic Evolution of Ligands by Exponential
Enrichment) will enable the selection of novel aptamers and ribozymes with increased
chemical and structural diversity. While some of these UBPs have already been successfully
incorporated during amplification and transcription with high fidelity and efficiency [1],
reverse transcription - a key step in RNA-based SELEX - of an expanded genetic alphabet
remains challenging. 

We investigated five different commercially available reverse transcriptases regarding their
ability to handle Romesberg’s hydrophobic TPT3:NaM base pair during reverse
transcription reactions. [2] While wild-type reverse transcriptases predominately stop at
the site of the unnatural base, engineered variants such as those of the SuperScript family
are partially capable to process the TPT3:NaM base pair. [2-3] We are developing different
strategies to determine key characteristics such as efficiency and rate of incorporation with
which TPT3 and NaM triphosphates are incorporated into nascent complementary DNA
(cDNA) by reverse transcriptases. Our research will contribute to reveal the mechanism of
reverse transcription with unnatural base pairs paving the way towards RNA-based SELEX
applications. 
Selected references 
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Abstract
Bioconjugation of nucleic acids with other biomolecules is highly important in medicinal
chemistry and chemical biology.1 Linkage of protein to a nucleobase offers better
programmability of the number and the position of conjugation sites. Developing of new
DNA probes bearing various reactive groups capable of specific reactions with different
naturally occuring amino acids is highly desirable.

Squaramate-linked 2′-deoxycytidine 5′-O-triphosphate was synthesized and found to be a
good substrate for KOD XL DNA polymerase in primer extension synthesis of modified DNA.
The resulting squaramate-linked DNA reacts with primary amines to form stable diamide
linkage. This reaction was used for bioconjugations of DNA with sulfo-Cy5 amine and Lys-
containing peptides. Squaramate-linked DNA formed covalent cross-links with histone
proteins. This reactive nucleophile has potential for other bioconjugations of nucleic acids
with amines, peptides or proteins without need of any external reagent. Synthesis of
squaramate-linked cytidine 5′-O-triphosphate, RNA incorporation and reactivity towards
various proteins  will be presented as well. 
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DNA damage is a well-established event responsible for aging and carcinogenesis. DNA
damaging agents mainly cause modification at the nucleobases and disturb the W-C base-
pairing hampering the DNA replication process by stalling the replication fork. The fork can
be rescued by translesion DNA synthesis (TLS), a damage tolerance pathway1.
Methyleugenol (MEG) and estragole (EG) are secondary metabolites found in herbs and
spices (e.g., basil, pimento). They are known to form N2 -dG DNA and N6 -dA DNA adducts,
responsible for carcinogenic activity in mice2-3. Herein, we report the synthesis of N2-MEG-
dG and N2-EG-dG modified phosphoramidites and corresponding oligonucleotides. The key
step to achieve the modified phosphoramidite involves Buchwald-Hardwig coupling of the
respective amines with protected 2-bromo-dG4. TLS studies using human Y-family
polymerases, hpolκ, and hpolη revealed that N2-MEG-dG and N2-EG-dG adducts show error-
free TLS across the damaged sites. Full-length extension products are formed only by
hpolk5. The kcat /Km of hpolκ for N2-MEG-dG and N2-EG-dG is ~2.5 and ~4 fold higher,
respectively, compared to the unmodified dG. Molecular modeling studies support the
experimental data by showing that adducts reorient and allow the correct incoming
nucleotide to base pair with the damaged base during the insertion stage. 
Selected references 

1. Ziv, O.; Zeisel, A.; Mirlas-Neisberg, N.; Swain, U.; Nevo, R.; Ben-Chetrit, N.; Livneh, Z. Commun. 2014, 5, 5437.
2. Ishii, Y.; Suzuki, Y.; Hibi, D.; Jin, M.; Fukuhara, K.; Umemura, T.; Nishikawa, A. Res. Toxicol. 2011, 24, 532-541.
3. Herrmann, K.; Engst, W.; Meinl, W.; Florian, S.; Cartus, A. T.; Schrenk, D.; Glatt, H. Carcinogenesis 2014, 35, 935-941.
4. Ghodke, P. P.; Pradeepkumar, P. I. J. Org. Chem, 2020, 44, 6831-6844.
5. Yockey, O. P.; Jha, V.; Ghodke, P. P.; Xu, T.; Xu, W.; Ling, H.; Zhao, L.  Res. Toxicol. 2017, 30, 2023-2032.

179



P130 - Synthesis of Safrole Modified Oligonucleotides to Study the
Translesion DNA Synthesis

6. Applications Of Nucleic Acids Beyond Therapy 
Siddharam Bagale1 , P. I. Pradeepkumar1 
1 Department of Chemistry, Indian Institute of Technology Bombay, Mumbai, India

Several genotoxic agents are reported to alter the structural integrity of DNA by forming
DNA adducts1. DNA adduct formation affects the action of replicative polymerases, which is
linked to aging and cancer. Translesion synthesis (TLS) is a DNA damage tolerance
pathway, which helps to bypass the DNA adduct with the help of low fidelity polymerases2.
This process can be mutagenic3. The alkyl benzyl derivative safrole is a natural product
found in nutmeg, black pepper, cinnamon, and piper beetle, which gets metabolized to
trans-isosafrole, and forms N2-dG and N6-dA trans-isosafrole DNA adducts5. It was also
reported that trans-isosafrole DNA adducts were found in oral tissues of an oral cancer
patient with a betel quid chewing history4. To reveal the role of TLS polymerase in the
tolerance pathway against trans-isosafrole DNA adducts, herein, we report the synthesis of
site-selective modified oligonucleotides of N2-trans-isosafrole-dG and N6-trans-isosafrole-dA
using phosphoramidite chemistry. Synthesis of the N2-trans-isosafrole-dG has been
achieved using Buchwald-Hartwig coupling of C2-brominated dG and trans-isosafrole
amine6. However, the synthesis of N6-trans-isosafrole-dA has been accomplished by
Mitsunobu reaction between N6-acylated dA and trans-isosafrole alcohol. The modified
oligonucleotides will be used for performing primer extension and steady-state kinetic
assays with hpol k and hpol h. Further, we have optimized Mitsunobu reaction conditions to
access various N2-aromatic-dG adducts in fewer steps.  
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Trimethylguanosine cap structure (TMG cap) is present at the 5' end of some small nuclear
RNA (snRNA) and is specifically recognized by snurportin, protein that initiates the
transport of snRNA from the cytoplasm to the nucleus. TMG capped snRNAs are involved in
biochemical processes related to mRNA transport and pre-mRNA maturation [1].
Fluorescent Molecular Rotors (FMR) consist of two or more segments in which one rotates
freely close to the other. FMR fluorescence is based on the phenomenon of twisted
intramolecular charge transfer, which results mostly in a non-radiative relaxation.
Application is based on fluorescence "switch-on" only as a result of interaction with the
protein, when TICT mechanism is blocked due to restricted rotation [2].

We report the synthesis and biochemical properties of TMG cap analogs conjugates with
various FMRs. TMG cap conjugates are specific probes for snurportin. We designed them as
fluorescent tools for imaging complex with snurportin in living cells. However, we
discovered that some of the probes showed significantly greater affinity to snurportin than
natural nucleotides ended with TMG cap [3], even by two orders of magnitude. The utility
as protein sensing probes was assessed in saturation experiments, where ligands were
excited at wavelength characteristic for each FMR during titration. Compounds with highest
affinity and highest protein-induced fluorescence enhancement were selected as the most
promising candidates for in vivo studies with snurportin. Our SAR research revealed three
structural motives crucial for enhanced binding: a) TMG cap structure , b) guanosine  and
c) FMR at guanosine 2’-O- ribose position 
Selected references 
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DNA has proved to be a versatile polymer for the directed self-assembly of custom 2D and
3D objects, lattices and devices bearing features on the nanometre scale. The design of
these structures most often relies on the use of double-helical domains as secondary
structural elements, but other helical forms involving specific non-canonical base-base
interactions have started to introduce a novel paradigm into the process of engineering
with DNA. Perhaps the most notable of these is a three-stranded complex generated by the
binding of a triplex-forming oligonucleotide (TFO) within the duplex major groove,
generating a triple-helical ('triplex') structure. The sequence, structural and assembly
requirements that differentiate triplexes from their duplex counterparts has allowed the
design of nanostructures for both dynamic and/or structural purposes, as well as a means to
target non-nucleic acid components to precise locations within a nanostructure scaffold
[1,2]. Here we report on the functionalisation of 2D and 3D nanostructures with chemical
and biological components by triplex-directed DNA recognition (e.g., Figure 1a-c) [3-6].
Such modified scaffolds offer applications that include the organisation of nanoelectronics,
the manipulation of biological or chemical cascades, and the structure determination of
periodically positioned molecules by structural analysis techniques. This research has
involved collaborations with Keith Fox (Southampton, UK), Tom Brown (Oxford, UK), Andrey
Revyakin (Leicster, UK) and the late Ned Seeman (New York, US). 
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Z-DNA structures have puzzled scientists due to their in vitro stability at high salt
concentrations, yet evidence has pointed to their biological role such as the regulation of
gene expression,1 recombination,2 and other cellular processes.3 Nucleoside modifications
have been used to stabilize Z-DNA structures at physiological conditions, making them
more suitable for characterization in vitro. Fluorinated nucleosides have emerged as an
important class of Z-DNA stabilizers because they allow for facile Z-DNA detection and
probing via 19F NMR. Examples that have been investigated include 5-
trifluoromethylcytidine,4 5-fluoro-2′-deoxycytidine,5 and more recently, 8-trifluoromethyl-2′-
deoxyguanosine,6 but none include modifications made to the ribose sugar. Here, we
present an investigation of the roles of 2′-deoxy-2′-fluoroarabinocytidine (araF-C) and
2′fluororiboguanosine (riboF-G) in stabilizing Z-DNA at physiological salt concentrations.
Strikingly, positioning the fluorine nuclei on the nucleoside sugar results in dramatic
chemical shift differences between B-form and Z-form DNA (Δδ ≈ 6 ppm), whereas previous
endeavors have achieved maximal shifts of 2 ppm, including some peak broadening. AraF-C
and RiboF-G therefore represent two prominent examples of modified nucleosides that
allow for a clear distinction between B-form and Z-form DNA and facilitate the design of
probes for analysis via 19F NMR, either in vitro or in cells.
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Papain-like proteinase Nsp3 is the largest non-structural protein of SARS-CoV-2. This
multifunctional protein is an essential component of the replication and transcription
complex, acts as a proteinase that cleaves non-structural proteins 1–3 and promotes
cytokine expression via blocking host's innate immune response. Several putative domains
of Nsp3 are mostly conserved among different coronaviruses.1 Macrodomain Nsp3c,
however, is conserved for SARS coronaviruses and is missing in all other coronaviruses. It
was therefore hypothesized that it is responsible for increased pathogenicity of SARS-CoV
and SARS-CoV-2 compared to other less pathogenic coronaviruses.2,3 

We have aimed to characterize interaction of positively charged stretch of lysine residues
found in Nsp3c with its binding partners – host’s guanine rich 3’-UTR RNA sequences,
through which Nsp3c is suggested to influence processes of apoptosis and immune
response to impact the outcome of viral infection. 

Interaction of short Nsp3c peptides with several guanine-rich sequences found in 3’-UTR of
human mRNAs was characterized with NMR spectroscopy and complementary biophysical
methods to describe interaction interface of both peptides and oligonucleotides. Several
lysine, tyrosine and arginine amino-acid residues were identified to be crucial for
interaction, while electromobility shift assay ascertained that Nsp3c peptides bind high-
order guanine-rich RNA structures. Exchange processes on an intermediate time-scale
resulting in disappearance of signals of residues involved in binding expands interface site
well further from one originally identified. 
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Methylation is a prevalent post-transcriptional modification encountered in coding and non-
coding RNA. For RNA methylation, cells use methyltransferases and small organic
substances as methyl-group donors, such as S-adenosylmethionine (SAM). SAM and other
nucleotide-derived cofactors are viewed as evolutionary leftovers from an RNA world, in
which riboswitches have regulated, and ribozymes have catalyzed essential metabolic
reactions. Here, we disclose the thus far unrecognized direct link between a present-day
riboswitch and its inherent reactivity for site-specific methylation. The key is O6-methyl pre-
queuosine (m6preQ1), a potentially prebiotic nucleobase which is recognized by the native
aptamer of a preQ1 class I riboswitch. Upon binding, the transfer of the ligand's methyl
group to a specific cytidine occurs, installing 3- methylcytidine (m3C) in the RNA pocket
under release of pre-queuosine (preQ1). Our finding suggests that nucleic acid-mediated
methylation is an ancient mechanism that has offered an early path for RNA epigenetics
prior to the evolution of protein methyltransferases. Furthermore, our findings may pave
the way for the development of riboswitch-descending methylation tools based on rational
design as a powerful alternative to in vitro selection approaches. 
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Messenger RNA (mRNA) plays the key role in protein biosynthesis [1]. The hydrolysis of the
phosphate bridge in the cap structure, known as decapping, has a major impact on mRNA
stability, translation process, and cell homeostasis in general [2]. Molecular tools to
visualise the activity of decapping enzymes (DE) in living cells during the cleavage, could
be useful in understanding their functions and determining their exact substrate
preferences which will significantly speed up the process of full DE characterization.
Currently, methods used for assessing decapping activity are usually time and resource
consuming. 
In this project, we aimed to design aptamer-based probes that enable high-throughput
substrate specificity profiling of RNA DE. Several of natural and synthetic cap analogues
were synthesized and subsequently incorporated into RNA by in vitro transcription, using
Broccoli aptamer sequence as a template. We have designed and optimised the
fluorescence assay consisting of three main steps: enzymatic degradation of the capped
RNA, refolding of the RNA strand with a  fluorogenic ligand DFHBI-1T and fluorescence
intensity measurement of the resulting complex using a microplate reader. The final
confirmation of the efficiency of the method was the detection of residual non-degraded
RNA using boronate affinity gel electrophoresis. All data obtained from the experiments
allowed us to determine substrate preference of the selected DE. Based on this knowledge,
we designed and synthesised a double-labelled RNA probe that targets the human Dcp2
enzyme. The developed and optimised method can be applied in further studies on the
activity of cap-degrading enzymes.
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Abstract
Despite being an exceptional tool providing access to precise gene editing, CRISPR-Cas9
suffers from limitations, including a lack of spatial specificity and prolonged activity, which
leads to off-target effects.1 To tackle these obstacles, a few sgRNA modifications based on
photocleavable linkers or photocaging groups have been recently developed.2–4 However,
these approaches are based on non-reversible reactions, and full spatiotemporal control of
CRISPR-Cas9 gene editing still remains challenging. Here, we used solid-phase synthesis to
obtain azobenzene-modified sgRNAs (ABsgRNAs), enabling light-triggered, reversible
modulation of CRISPR gene editing (Figure below). Synthesised ABsgRNAs efficiently bind
to Cas9, forming ribonucleoproteins (RNPs) with nucleolytic activity dependent on the
azobenzene configuration. Light-induced reversible isomerisation of azobenzene can
activate RNPs nucleolytic activity at 365 nm and deactivate it at 450 nm, with a 2.7-fold
reduction of DNA cleavage in vitro. Our findings can improve the applicability of
azobenzene-based molecular photoswitches for the fine control of large ribonucleoproteins
and deliver a new advantageous tool for the spatiotemporal control of CRISPR-based gene
editing.

This work was supported by the European Union’s Horizon 2020 research and innovation
programme under the Marie Sklodowska-Curie grant agreement no. 861381 (NATURE-ETN).
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Abstract
Guanine-rich sequences have the ability to self-assemble into four-stranded structures
known as G-quadruplexes (G4s), whose existence has been associated with a number of
important biological processes and confirmed in vivo [1]. Due to their overrepresentation in
human promoter regions, G4s are attractive targets for anticancer drugs [2]. Therefore,
there has been increasing interest in the development of small molecules able to interact
with G4s. Transition metal polypyridyl complexes represent excellent G4 binders as their
DNA binding affinity as well as optical and redox properties can be tuned by altering the
polypyridyl ligands and the metal centre [3].

Osmium polypyridyl complexes are especially attractive due to their excellent
photostability, long wavelength absorption and extended emission in the NIR, coincident
with the biological optical window [4]. A recently reported DNA osmium polypyridyl probe
[Os(TAP)2dppz]2+, whose luminescence is enhanced in the presence of DNA, has the
potential to detect G4 structures. We studied binding interactions between λ- and
Δ‑enantiomer of [Os(TAP)2dppz]2+ and two biologically relevant G4 model systems using
NMR spectroscopy in solution. Interestingly, we observed clear differences in
enantioselectivity for two G4 model systems. While the parallel topology of a promoter G4
can individually accommodate both enantiomers thanks to its open structures, the more
compact hybrid topology of the telomeric G4 appears to require a better fit of the ligand
into its groove(s) for effective interaction.
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Long non-coding RNAs (lncRNAs) are associated with various human diseases, cancer
progression and involved in gene regulatory mechanisms. One possible mechanism for
lncRNA mediated regulation is based on the formation of DNA:DNA:RNA triplexes. These are
composed of double-stranded DNA, to which the RNA strand binds via Hoogsteen hydrogen
bonds. 1,2

We investigate DNA:DNA:RNA triplex formation as regulation mechanism to control
vascular gene expression. We are interested in the triplex formation of Hypoxia-inducible
factor 1a Antisense 1 (HIF1α-AS1) RNA with multiple DNA triplex target sites.

We characterized structural and stability of DNA:RNA triplexes by CD spectroscopy and
NMR spectroscopy. NMR spectroscopy provides crucial insight to determine sequence-
specific Hoogsten base pairings of the studied triplexes and discriminate between DNA:DNA
duplex, DNA:RNA heteroduplex, and DNA:DNA:RNA triplex-formation. In previous work, we
could identify EPHA2 as a target gene for HIF1α-AS1 RNA.3 Our findings suggest two
potential binding motifs for the DNA:RNA interaction. Further investigations of this triplex
should lead to the structural elucidation. Additional modifications of the DNA triplex target
sites (TTS) and the RNA will be investigated for potential variations for the triplex-forming
and stability.
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Poly(A) tail is a regulatory and protective structure located at a 3’ end of mature cellular
mRNA, composed of multiple adenosine monophosphates. It plays an important role in
mRNA stabilization and degradation, as well as translation regulation. Translation, a cellular
mechanism of protein synthesis, is preceded by closing an mRNA molecule in a loop
formation. This loop closing only occurs after the 3’ poly(A) tail is specifically recognized
and bound by poly(A) binding protein (PABP). By interacting with a protein complex formed
at the 5’end of mRNA, PABP facilitates bringing both mRNA ends together [1].

PABP and poly(A) tail have been extensively studied in the context of translation regulation
and mRNA stability, with increasing emphasis on nucleotide modifications within the tail as
a way of improving the stability and translational potential of synthetic mRNAs. Also,
oligoadenylate fragments have been shown to act as translational inhibitors [2].

We developed a microscale thermophoresis-based assay in order to study interactions
between recombinant PABP and short poly(A) analogs containing various nucleotide
modifications of the nucleobase, phosphate and ribose. We evaluated the impact of
different modification types and their locations within oligoadenylate chain on PABP binding
and identified modification hot-spots. We also studied the susceptibility of our analogs to
specific degradation by CNOT7 deadenylase in order to determine which modifications
provide increased resistance to enzymatic decay. Lastly, we selected two enzymatically
stable oligoadenylate analogs exhibiting high affinity for PABP that proved to inhibit
translation more effectively than the previously reported inhibitor of similar build. 
Selected references 
[1] Q. Vicens et al., Mol. Cell 72, 805–812 (2018).

[2] Barragán-Iglesias, P. et al.  Nat. Commun. 9, 10 (2018).

191



P141 - Design of an orthogobal DNA aptamer–receptor pair for the
precise regulation of cell signaling

7. Nucleic Acids: Structure, Recognition And Cleavage 
Hanrui Liu1 , Ryosuke Ueki1, Shinsuke Sando1, 2 
1 Department of Chemistry and Biotechnology, Graduate School of Engineering, The
University of Tokyo, Tokyo 113-8656, Japan.
2 Department of Bioengineering, Graduate School of Engineering, The University of Tokyo,
Tokyo 113-8656, Japan.

Abstract
Signal transduction from receptors on the cell membrane regulates cellular responses
depending on the extracellular environments. Through receptor engineering techniques,
cells are reprogrammed to respond to a designated external cue and exert programmed
functions.1 However, precise control of customized receptor signaling remains a challenge
due to the pre-fixed configuration of receptors.2 In this study, we envisioned that DNA
aptamer is an efficacious tool for controlling the activity of engineered receptors. To date,
DNA aptamers that recognizereceptor tyrosine kinases (RTKs) have been developed
through Systematic Evolution of Ligands by EXponential enrichment (SELEX) and have been
used as agonists or antagonists to the receptors.3 Based on an RTK-binding aptamer, we
have designed a multifunctional aptamer–receptor pair for a sophisticated regulation of RTK
signaling.4,5 To suppress the cross-reactivity of the receptor with its endogenous ligand
released in an autocrine or a paracrine manner, we designed a receptor mutant that is
preferentially recognized and activated by the aptamers. Furthermore, the programmability
of aptamers has made it possible to switch input molecules and tune the strength of output
signalings without a laborious genetic modification process. In this presentation, the basic
design principle of the orthogonal receptor system and its applications in the regulation of
gene expression will be described. 
Selected references 

1. A. Schwarz, N. M. Daringer, T. B. Dolberg and J. N. Leonard, Nat. Chem. Biol., 2017, 13, 202–210.
2. Scheller and M. Fussenegger, Curr. Opin. Biotechnol. 2019, 58, 108–116.
3. Camorani, E. Crescenzi, M. Fedele and L. Cerchia, Biochim. Biophys. Acta. Rev. Cancer. 2018, 2, 263–277.
4. Ueki, S. Atsuta, A. Ueki, S. Sando, J. Am. Chem. Soc., 2017, 139, 6554–6557.
5. Akiyama, R. Ueki, M. Yanagawa, M. Abe, M. Hiroshima, Y. Sako and S. Sando, Angew. Chem. Int. Ed., 2021, 60, 22745–22752.

192



P142 - DNA-based artificial ligands for precise regulation of a
growth factor receptor signaling via controlling receptor clustering

7. Nucleic Acids: Structure, Recognition And Cleavage 
Momoko Akiyama1 , Masataka Yanagawa2, Mitsuhiro Abe2, Michio Hiroshima2, 3, Yasushi
Sako2, Ryosuke Ueki1, Shinsuke Sando1 
1 Graduate School of Engineering, The University of Tokyo
2 RIKEN CPR
3 RIKEN BDR

Abstract
�Growth factor receptors induce intracellular signaling upon their dimerization and regulate
various cellular activities1). While growth factor receptor signaling plays an important role
in therapeutically relevant biological activities, its excessive activity often leads to
carcinogenesis and cancer metastasis. Therefore, development of molecular technology
that can regulate growth factor receptor signaling is an important research topic, as it will
contribute to elucidation and regulation of therapeutically relevant biological process.

�Previously, it has been suggested that growth factor receptor signaling is regulated by the
structure or the dynamics of receptor dimerization on cell membrane2,3). In this study, we
focused on the dynamics of receptor dimerization and designed artificial ligands that can
control the clustering of receptors on cell membrane in order to regulate cellular signaling.
We also aimed to elucidate the correlation between the receptor dimerization dynamics
and receptor signaling through the functional analysis of developed artificial ligands. In this
research, we focused on receptor-binding DNA aptamers as a design basis of artificial
ligands because of their predictable structure and thermal stability4,5). In this presentation,
we will discuss the design of ligands based on DNA aptamers and the signal activities
elicited by developed ligands. 
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Abstract
The variety of metal ions, which have an important physiological effect, have influenced the
stability and topological changes of G-quadruplex. Among metal ions, Pb2+, which is one of
the most hazardous environmental pollutant, can strongly bind with G-qudaruplex at micro
concentration. In addition, Pb2+ was demonstrated for their effect on human such as the
nervous system, kidneys, blood pressure, and anemia.1-2 Although numerous studies have
reported Pb2+ affected on G-quadurplex, the effect of the competition of Pb2+ with mono-
cations has been rarely investigated.3-6 Furthermore, no study to date has examined how
the effect of lead ion on G-quadruplex under biological conditions. In this study, we
investigate the structure and thermal stability of G-quadruplexes affected by lead ion under
molecular crowding conditions (Fig. 1). 
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Abstract
Guanine-rich sequences can fold to form G-quadruplexes (G4s). G4 forming sequences
localize to telomere and oncogenes. G4s are involved in various biological processes such
as regulation of telomere elongation and gene expression1. G4s have attracted attention as
a novel cancer drug target. Focusing on intracellular environment where nucleic acid exists,
there are excess DNA duplex compared to G4. Therefore, G4 ligands are required to have
high structure selectivity against duplex for cellular applications. However only a few
structural-selective G4 ligands have been reported. This is at least partly due to high-
throughput screening that can carry out in the presence of excess DNA duplex has not been
developed. Moreover, a structural scaffold that is important for structural selectivity is not
clarified yet.

In this study, we developed thioflavin T (ThT)-displacement assay (TD assay) to identify
structural-selective G4 ligand. TD assay can perform in the presence of excess DNA duplex,
since ThT is a structural-selective G4 fluorescence indicator2. Primally, we conducted TD
assay for an inhouse library, composing of about 40 molecules, which we considered to
show the structure selective G4 binding. We then performed binding assay using the
candidate compounds obtained by TD assay. Derivatives of the candidate compounds were
tested elucidate important factors for selectivity. Moreover, we evaluated the inhibitory
effects of the structural-selective G4 ligands on transcriptional activity and on the cancer
cell proliferation. Series of molecules that can bind to G4 even in the presence of excess
DNA duplex and their characteristics will be shown in the presentation. 
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Abstract
The present life employs two informative polymers to encode genetic information, DNA and
RNA, comprising of repeating units of four monomeric nucleotides, G, C, A, T or U, linked
together by a universal motive - the phosphodiester backbone. To evaluate whether other
chemistries could be involved in information flux, we performed the screening of alternative
non-canonical nucleotides as building blocks for genetic biopolymers. The resulting
polymers, composed of the purine bases 7-deaza-adenine, 7-deaza-guanine or inosine
together with the pyrimidine bases 5-chlorouracil, 5-fluorocytosine, or 5-bromocytosine
(deoxy)ribonucleotides, were denoted as DZA and RZA.

Our study revealed that natural polymerases could successfully propagate information
encoded in entirely morphed informational polymers. DZA can be replicated by Taq DNA
polymerase, and RZA can be synthesized by T7 RNA polymerase, which, in turn, can be
reverse transcribed by the M-MuLV enzyme using all four modified dNTPs as substrates.
Furthermore, bacterial replication machinery recognises the artificial DZA genes providing
antibiotic resistance or red fluorescent protein (RFP), even when all-four letters in the
genetic fragment are substituted. Notably, genetic information encoded in DZA could be
introduced in a eukaryote, Saccharomyces cerevisiae, through homologous recombination
and proceeded into the functional RFP.

In summary, non-canonical material could be successfully replicated in vitro and serve as
genetic templates in prokaryotic and eukaryotic organisms. As we advance, DZA and RZA
biomolecules can become a novel tool not only for in vitro or in vivo expression of
therapeutic proteins and vaccination but also for gene manipulations (CRISPR-Cas9 system)
and oligonucleotide drug design. 
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Non-natural genetic polymers (xeno-nucleic acids, XNAs) have the potential to transition
aptamers from laboratory tools to therapeutic agents, but additional functionality is needed
to compete with antibodies. This can be done by expanding the chemical space of
evolvable XNAs to include functional groups that enhance protein target binding affinity
with high biological stability. We present the evolution of a biologically stable artificial
genetic system composed of α-l-threofuranosyl nucleic acid (TNA) that facilitates the
production of backbone- and base-modified aptamers termed “threomers” that function as
high quality protein capture reagents. We evaluated 10 chemically diverse functional
groups introduced at the C-5 position of α-l-threofuranosyl uridine nucleoside triphosphate
(tUTP), all of which were recognized by the laboratory-evolved polymerase Kod-RSGA.
Threomers were discovered against two prototypical protein targets implicated in human
diseases through a combination of in vitro selection and next-generation sequencing with
two of the functional groups that mimic aromatic side chains commonly found in the
paratope of antibody–antigen structures. Kinetic measurements reveal that the side chain
modifications are critical for generating threomers with slow off-rate binding kinetics. Our
results expand the chemical space of aptamers, which result in an enhancement of target
binding and bring aptamers one step closer to the clinic. 
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The mechanism of DNA synthesis has been inferred from static structures, but the absence
of temporal information raises longstanding questions about the order of events in one of
life’s most central processes. Here we follow the reaction pathway of a replicative DNA
polymerase using time-resolved X-ray crystallography to elucidate the order and transition
between intermediates. In contrast to the canonical model, the structural changes observed
in the time-lapsed images reveal a catalytic cycle in which translocation precedes catalysis.
The translocation step appears to follow a push-pull mechanism where the O-O1 loop of the
finger subdomain acts as a pawl to facilitate unidirectional movement along the template
with conserved tyrosine residues 714 and 719 functioning as tandem gatekeepers of DNA
synthesis. The structures capture the precise order of critical events that may be a general
feature of enzymatic catalysis among replicative DNA polymerases. 
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Abstract
In transcription process, a stable R-loop formation caused non-template DNA prone to the
enzymatic editing, including deamination1. Uracil occurrence due to the cytosine
deamination then triggers Base Excision Repair (BER), resulting DNA cleavage and hairpin
slip-out. According to the previous reports, this hairpin slip-out is thought to be associated
with trinucleotide repeat instability2, that manifests as neurodegeneration disease such as
Fragile X-associated Tremor/Ataxia Syndrome (FXTAS)3. Here, we performed an in-vitro
study of the effect of a DNA-binding ligand, Naphthyridine Carbamate Dimer (NCD) that
binds to a 5’-CGG-3’/5-CGG-3’ 4-5, on the reactions catalyzed by enzymes involved in BER
pathway, hSMUG1 and APE1. We designed a series of uracil-containing DNA
oligonucleotides as mimics of cytosine-deaminated products. Uracil was introduced in the
DNA oligonucleotides in two different positions: one is in the modified NCD binding triad 5’-
UGG-3’/5-CGG-3’, 5’-CGG-3’/5-UGG-3’, and 5’-UGG-3’/5-UGG-3’ triads, and the other is at
the 5-bp distance from the NCD binding triad. The result demonstrates that NCD presence
can inhibit uracil excision by hSMUG1 and DNA cleavage by APE1 in its binding triad. The
inhibition is found to be correlated with binding affinity of NCD towards each binding triads.
These findings are expected to broaden the potential of small molecules in trinucleotide
repeat instability modulation.         
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Bacterial genomes generally encode several metal-sensing transcription factors with
different metal specificities. The iron-dependent regulator IdeR is the major transcription
factor regulating iron homeostasis in actinomycetes such as  Saccharopolyspora erythraea,
a gram-positive bacterium that produces the antibiotic erythromycin. The IdeR target
sequence is found at 37 regions in the S. erythraea genome with different degrees of
conservation. The genes controlled by IdeR encode primarily iron uptake and iron storage
proteins. Although the IdeR family was discovered more than three decades ago, it has
remained unclear how IdeR recognizes its target sites in the genome. Transcription factors
can recognize their target sites through specific interactions with DNA bases (base
readout), by the sequence-dependent DNA shape (shape readout), or – as is most common
– through a combination of both mechanisms. Using X-ray crystallography, DNA-binding
assays with variations of the IdeR recognition sequence, and mutagenesis of IdeR, we
showed that IdeR recognizes its targets by their shape (1). Although IdeR interacts with
DNA bases in the major groove, surprisingly base readout does not contribute significantly
to target recognition. We are now further dissecting the DNA recognition mechanism of
IdeR to address how it achieves shape discrimination and which DNA shapes it recognizes.
By introducing mismatches into the recognition sequence, we have obtained the first
indications that IdeR recognizes minor groove width/deformability. Further mutagenesis of
IdeR shows that interaction of the wing of its winged helix-turn-helix DNA-binding motif with
the minor groove of the DNA is required to anchor IdeR to its target sites. 
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Abstract
Recent advances in vaccine and drug discovery targeting nucleic acids or using them as
new modalities call for an expansion of current approaches to facilitate their
characterization and validation. Here we develop biophysical tools and techniques to study
both DNA and RNA oligonucleotides. Our fluorescent analogue of adenine, 2CNqA, is one of
the brightest fluorescent base analogues (FBAs) reported so far with brightness of 2100-
3200 M-1 cm-1 in dsDNA. Additional benefits of 2CNqA are high fluorescence quantum yield
(0.22-0.32) and long fluorescence lifetime (7.4-9.7 ns) in DNA duplexes. Moreover, both
quantum yield and lifetime are relatively sequence independent. Apart from these excellent
photophysical properties, 2CNqA maintains specific base-pairing with thymine/uracil and
canonical conformations of DNA (B-form) and RNA (A-form) duplexes. Hence, it is a
versatile alternative to the bulkier, external, commercially available fluorophores. Taking
these advantages into account, we developed the interbase Förster resonance energy
transfer (iFRET) technique for detailed studies of DNA/RNA oligonucleotides, where 2CNqA
as a donor is combined with another base analogue functioning as a FRET acceptor. Thanks
to the high fluorescence donor quantum yield and large spectral overlap (1.6 x 1014 M-1

cm-1 nm4), 2CNqA and qAnitro constitute the most powerful iFRET pair reported for dsDNA
so far. The 2CNqA-tCnitro pair in dsRNA even has a slightly larger spectral overlap (1.9 x
1014 M-1 cm-1 nm4). Overall, our iFRET technique is a universal, high resolution and high
information experimental approach for characterization and detailed studies of DNA and
RNA oligonucleotides. 
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Abstract
The AUTS2 protein has two isoforms which are expressed in different stages of brain
development [1]. Genomic mutations which can misregulate or inactivate the expression of
the two AUTS2 isoforms have been correlated with intellectual disability and developmental
delay [2]. The molecular mechanism for the expression switch between the two isoforms is,
however, unknown. The regulatory region of the gene encoding AUTS2 comprises a CGAG-
rich sequence with high potential to form a variety of stable non-canonical secondary
structures that may be involved in the expression switch. As repetitive sequences can be
extremely polymorphic [3,4], we focused on three truncated constructs of the CGAG-rich
sequence to identify and understand the key differences between the adopted hairpin
structures. We show that the number of CGAG repeats in the sequence affects the
arrangement of the loop, whereas the stems are dominated by G:C and sheared G:A base
pairs in all three constructs. The truncated constructs revealed some of the driving forces
responsible for the structural preferences of CGAG-rich sequences, which will enable us to
study the entire CGAG-rich region of AUTS2 promoter in a larger genomic context. Our
approach will aid future structural studies of highly repetitive sequences and the
characterization of their complicated conformational landscapes.
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The stability of nucleic acids structures cannot be determined from only the sequence
composition, as this property critically depends on the surrounding environment of the
solution. The intracellular condition is greatly different from that of the diluted buffer
typically used for standard experiments and is not constant in each local area of the cell.
Thus, predictions should reflect the situation under intracellular conditions.

In this presentation, we will provide an overview of the basic concepts, methods, and
applications of predicting the stabilities of nucleic acid structures. We explain the theory of
the most successful prediction method based on a nearest-neighbor (NN) model. To
improve the versality of prediction, corrections for various solution conditions have been
investigated. We also describe advances in the prediction of non-canonical structures.
Finally, studies of intracellular analysis and prediction are discussed for the application of
NN parameters.
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Abstract
The extracellular matrix (ECM) preserving cells provides a dynamic and reversible
environment. Spatiotemporal biosystems are essential when cells are undergoing
morphogenesis, repair, and differentiation. Mimicking such a complicated system with
reversible presentation of nanoscale biomaterials can help us better understand cellular
processes and can allow the precise manipulation of cellular functions in vitro (1). We
created a photoswitchable DNA mechanical nanostructure containing azobenzene moieties
and dynamically regulated the spatial distance between adhesion peptides (RGD) using a
photoswitchable DNA polymer with photoirradiation (2). We found that the DNA polymer
reversibly formed two different structures, a relaxed linear and shrunken compact form,
which was observed by AFM. Using the mechanical properties of this DNA polymer, UV and
visible light irradiation induced a significant morphology change of the cells between a
round shape and spindle shape, thus providing a tool to manipulate the morphology of cells
using the photoresposive artificial ECM. 
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Abstract
   N6-methyladenosine (m6A), apart from pseudouridine, is the most common natural RNA
modification. It is found in evolutionary conserved RNA regions in mRNA, rRNA, tRNA and
ncRNA from various organisms. N6-methyladenosine occurs approximately 200,000 times
in the human genome and performs various biological functions. Some of them are
associated with cancers, diseases related with metabolic disorders, immuneregulation and
neurodegradation. Almost all RNA viruses (e.g., influenza, Dengue, Zika, West-Nile, HCV,
HIV, SARS-CoV-2) contain m6A and its function is little known.

   The work concerns the prediction of folding of RNAs containing m6A. 15 thermodynamic
parameters were determined that define the folding rules for RNAs containing N6-
methyladenosine. The parameters were determined based on the thermodynamic stability
of 45 model RNAs containing N6-methyladenosine in different structural arrangements.
Next, the thermodynamic parameters concerning m6A were incorporated into the algorithm
of RNAstructure program, which is now allow RNA structure prediction for alphabet A, C, G,
U, and m6A.

   Interestingly, N6-methylation decreases thermodynamic stability for adenosines in the
middle of a helix; has little effect at the ends of helices, and increases stability for unpaired
adenosines stacked on a helix. Also, the predictions for an N6-methylation-activated protein
recognition site from MALAT1 and human transcriptome-wide effects of N6-methylation on
the probability of adenosine being buried in a helix are presented. Described herein the
thermodynamic and structural properties of m6A RNA, combined with current knowledge of
its function, suggest that N6-methyladenosine may be a key element of a very precise and
function-driven structural switch within of the natural RNAs. 
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Since the end of 2019, the pandemic outbreak of COVID-19 presents a constant in everyday
life, making it so important to study SARS-CoV-2 down to its smallest components.[1] For
this purpose, we study the first RNA stem-loop present in the 5’-untranslated region of the
virus, 5_SL1, regarding its structural and functional characteristics.

Detailed structural analysis of this RNA element was performed via NMR spectroscopy. [2]
Furthermore, the impact of binding of several small fragments to 5_SL1 was studied in
NMR-based fragment screenings. These screenings were performed for the identification of
promising RNA-binding compounds helping in the development of drugs targeting SARS-
CoV-2.[3] With the most promising compound, we performed an NMR-based binding site
mapping indicating binding to the bulge region of the viral RNA element.

Additionally, a cell-free assay was established to investigate the proposed interaction
between 5_SL1 and the non-structural protein 1 (Nsp1). It was shown that Nsp1 blocks the
mRNA entry channels of the host ribosome leading to a global translation shutdown. This
block does, however, not inhibit the translation of viral proteins in infected cells.[4]
Therefore, it has been proposed that 5_SL1 interacts with Nsp1 leading to the protein’s
release from the entry channel and subsequent preferential translation of the viral mRNA.[5]
However, a direct interaction between these two viral elements could not be shown yet.
Our assay allows us to screen different conditions regarding this interaction and beyond,
the screening of small molecules in a cell-mimicking environment.
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In this communication we report our structural studies on several i-motif/duplex junctions.1
By using NMR methods, we have studied different DNA oligonucleotides containing i-DNA
and B-DNA moieties. Of particular interest are those constructs including a minor groove
tetrad at one side of the C:C+ stack of a monomeric i-motif,2 and a stem/loop hairpin at the
other side. In these cases, i-DNA and B-DNA regions coexist in a wide range of experimental
conditions, including neutral pH. This study demonstrates that i- and B-DNA are structurally
compatible, giving rise to a distinctive fold with peculiar groove shapes. 

We present in this communication the solution structure of several DNA constructs
containing i-motif and duplex moieties determined by NMR methods. We have found that
these DNAs can be very stable at neutral conditions. One of the main factors affecting their
stability are the residues at the i-motif/duplex interface. However, the stability of the
hairpin region does not seem to affect the stability of the overall junction. We also show
that these constructs can be adapted to sequences of biological relevance, like that found
in the promoter region of the KRAS oncogene, and they are useful to study molecular
recognition events between DNA interfaces with proteins and small ligands.

We also present our results on the effect of including 2'-fluoro-arabino nucleotides (FANA)
in i-motif/duplex junctions. By including this modification, we can further stabilize this
hybrid DNA motif and, most importantly, include a probe for its detection in vitro and
potentially in vivo by 19F-NMR techniques. 
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Pyrrole-imidazole polyamides (PAs) are programmable minor groove binders which
recognize specific DNA sequences.1 PAs have been extensively utilised as exogenous
regulators of transcription, however this has been focused on innate gene downregulation
and lacks modalities to restore stalled transcription. Friedreich’s ataxia is a
neurodegenerative disease in which transcription of the protein frataxin is compromised,
due to an abnormal expansion of GAA triplet repeats in the FXN gene. Currently, no
effective treatment is available to restore physiological levels of frataxin. A previous study
has shown that the use of GAA-targeting polyamide (FA1) linked to bromodomain inhibitor
scaffolds produces a “synthetic transcription factor” effect, restoring the levels of frataxin
in affected cells (syn-TF, Fig.1).2 However, the use of existing syn-TFs for in vivo
applications is limited by poor pharmacokinetic properties. Moreover, the complex
interaction between syn-TF and its binding partners remains uncodified. Therefore, we have
applied a synthetic campaign to increase the affinity and druggability of the polyamide
core. Structural analogues of FA1 were produced with a particular focus on heterobicyclic
incorporation at the N-terminus of the polyamide backbone. These modifications increased
the stabilisation of the target DNA while improving FA1 druggability. Furthermore, NMR
analysis (2D-NMR, isotopic labelling and diffusion techniques) of the polyamide-DNA
complex has begun to unpick the specific binding mode of the polyamide structure.
Biophysical analysis using DNA nanolevers will determine the kinetic parameters which
govern this interaction. The information gathered by combining structural and biophysical
approaches will directly inform the rational design of an improved generation of syn-TFs. 
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Abstract
In this study, Hg(II) and an arylmercury compound (1-Hg) were tested as RNA cleaving
agents. The work commenced with the synthesis of Adenylyl-3´,5´-(2´,3´-O-
methyleneadenosine) (ApAm) and continued
with cleavage studies on ApAm at 90 ⁰C in various buffers. The rate of the reactions was
determined by RP-HPLC in the presence of Hg(II) and 1-Hg as well as in the absence of any
catalyst. The catalytic
activity of 1-Hg was somewhat lower than that of Hg(II). The difference is mainly
attributable to the rather low affinity of the 1-Hg catalyst for ApAm model compound,
suggesting that improved derivatives
could be obtained by covalent tethering to an appropriate targeting group. 
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Abstract
Small non-coding RNAs (sRNAs) are an important class of RNAs in bacteria with regulatory
roles in stress response and adaptation to environmental changes [1]. OxyS is a 109
nucleotide long, stable, trans-encoded sRNA found in Escherichia coli [2]. It is regulated by
OxyR and is induced in high concentration in response to oxidative stress caused by an
elevated concentration of hydrogen peroxide (H2O2). OxyS is a global regulator affecting
the expression of multiple genes, mainly through direct base-pairing with several mRNAs
[3, 4]. Despite the clear biological role of OxyS and its significance for the regulation of
stress response in E. coli, the structure of OxyS and its complexes with mRNAs have not
been studied by high-resolution methods. We adopted the divide and conquer approach to
determine the solution structures of the isolated stem-loops as well as full-length OxyS
using NMR spectroscopy. Our data shows that OxyS adopts a secondary structure with four
stem-loops, one of which has not been previously identified. Furthermore, we employed
NMR to investigate the details of the interaction between sRNA OxyS and mRNA fhlA. 
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Small self-cleaving ribozymes utilize general acid-base catalysis to perform phosphodiester
cleavage. For the pistol ribozyme, a conserved guanosine in the active site (G40) is widely
considered as general base, activating the 2'-OH group to attack the scissile phosphate (g-
catalysis). We present an atom-specific mutagenesis study involving 1-deazaguanosine, 3-
deazaguanosine, and xanthosine at position 40. Strikingly, replacement of the key
functionality of the general base – the N1 of G40 – by a carbon atom results in only 2.7-fold
decreased rates. Therefore, the common view that the activation of the 2'-OH critically
depends on the N1 moiety of the general base becomes challenged. Activity–pH
dependence profiles revealed the corresponding nucleobase pKa shifts, and additionally, a
so-called influencer activity for the wild-type system. We shed light on inverse protonation
and cooperative interactions in the pistol ribozyme that drive pKa shifts towards neutral
values. Further, our study allows first-time weighting of the different contributions (α, β, γ,
δ) in nucleolytic ribozyme catalysis. 
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5-Aminomethyl-substituted uridines, 2-thiouridines, and 2-selenouridines from the 34-
position (wobble) of the bacterial tRNA anticodon loop are the most common triggers for
efficiency and accuracy of mRNA decoding by stronger discrimination of one of two
synonymous purine-ending codons. Replacement of uridine with S2U or Se2U in RNA
duplexes is expected to increase the stability of base pairs containing A and limit the
formation of S(Se)2U-G pairs in the following order U<S2U<Se2U (1). On the basis of
thermodynamic studies of RNA duplexes containing 5-unsubstituted U, S2U, or Se2U and
their 5-methylaminomethyl (mnm) analogs, we have revised the current view of the base
pairing preferences of these modifications. We found that replacement of the sulfur atom in
S2 uridines with a selenium atom restricts the formation of (mnm5)Se2U-A pairs (Fig. 1). On
the other hand, Se2-uridines as zwitterionic tautomers facilitate the formation of
mnm5Se2U-G pairs compared to mnmS2U and mnm5U counterparts (2-4).

It is likely that dynamic biosynthesis of the wobble mnm5Se2U from the parent mnm5S2U
in bacterial tRNAs specific for Lys, Glu, and Gln is an element of gene regulation leading to
more efficient synthesis of proteins encoded by mRNA enriched in 3'-G-ending codons.

Acknowledgments This work was supported by grants UMO-2018/29/B/ST5/02509 from
National Science Centre to B.N. and W-3D/FMN/17G/2021 from Young Scientists’ Fund at
LUT to P.K. 
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The introduction of molecular complexity in an atom- and step-efficient manner remains an
outstanding goal in modern synthetic chemistry.  Artificial biosynthetic pathways are able
to address this challenge by using enzymes to carry out multiple synthetic steps
simultaneously or in a one-pot sequence. Conducting biosynthesis in vitro further broadens
its scope by avoiding cross-talk with cellular metabolism and allowing redesign of key
biosynthetic pathways via the use of non-natural cofactors and synthetic reagents.  Here
we describe two examples of non-natural biosynthesis towards non-natural
nucleoside/nucleotide therapeutics.  First, we describe assembly of an artificial biosynthetic
pathway to a complex immunooncology therapeutic, MK-1454.1  We also describe how
improvements in ATP recycling and nucleoside biosynthetic enzymes enabled an efficient
next-generation synthesis of the COVID-19 antiviral molnupiravir.2 
Selected references 

1. J.A. McIntosh, Z. Liu, B.M. Andresen et al. Nature. 2022. 10.1038/s41586-022-04422-9
2. J.A. McIntosh, T. Benkovics, S.M. Silverman, M.A. Huffman, J. Kong, P.E. Maligres, T. Itoh, H. Yang, D. Verma, W. Pan, H-I. Ho, J.

Vroom, A.M. Knight, J.A. Hurtak, A. Klapars, A. Fryszkowska, W.J. Morris, N.A. Strotman, G.S. Murphy, K.M. Maloney, P.S. Fier
   ACS Cent. Sci. 2021, 10.1021/acscentsci.1c00608

217



I2 - Challenge and opportunities in targeted delivery and
distribution

1. Nucleoside Chemistry 
Matthew JA Wood1 
1 Department of Paediatrics, University of Oxford, OX1 3QX, Oxford, United Kingdom

Abstract
While oligonucleotide therapies have enormous therapeutic potential, significant challenges
in drug delivery to extra-hepatic cell/tissue types remain. This is particularly the case for
neurological and neuromuscular disorders where poor oligonucleotide delivery to affected
tissues including skeletal muscle, cardiac muscle and the central nervous system has
resulted in limited efficacy, represents both a major challenge and an opportunity. A wide
range of delivery technologies are being advanced to address this challenge, including bio-
conjugates and nanotechnologies. Current progress and future prospects will be discussed. 
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Abstract
Modified nucleosides are an important class of drugs with anticancer, antiviral, and
antibacterial activities, and are valuable building blocks for the synthesis of bioactive
oligonucleotides. The importance of this class of molecules is particularly evident in the
current Corona pandemic, as several nucleoside analogues are being investigated in clinical
trials for the treatment of Corona virus infections. In addition, they are important building
blocks for modified mRNAs, which are currently used as Corona virus vaccines.

While chemical synthesis routes for nucleoside analogues are usually tedious multistep
reactions, the enzymatic synthesis offers a valuable alternative. Within the last decades
nucleoside phosphorylase catalyzed transglycosylation reactions have attracted particular
interest. It involves the transfer of a glycosyl moiety from one nucleobase to another via a
pentose-1-phosphate intermediate. Although the broad applicability of the method has
already been demonstrated several times in the literature, a few challenges were still
observed. These include (i) the need for wide spectrum enzymes, (ii) synthesis at higher
temperatures and in the presence of solvents due to the low solubility especially of purine
bases, or (iii) the equilibrium of the reaction, especially in one-pot nucleoside
transglycosylation reactions. Given their potential for the synthesis of pharmaceutically
relevant nucleosides, a reliable reaction design for transglycosylations would be desirable.

By an efficient parallel and robot-based expression approach we have developed a broad
portfolio of recombinantly expressed thermophilic nucleoside phosphorylases with wide
substrate promiscuity. To optimize nucleoside transglycosylations in a straightforward
approach equilibrium thermodynamic calculations were applied. Recent work from our
laboratory has shown that nucleoside phosphorolysis is a reversible endothermic reaction
under tight thermodynamic control[1] and that conversions in transglycosylations can be
accurately predicted from equilibrium constants of phosphorolysis of the glycosyl donor and
acceptor[2]. This framework allows the determination of optimal reaction conditions by
using the thermodynamic control of these reactions. It was successfully applied for the
synthesis of dihalogenated, Se-modified and 4´-sugar modified nucleosides in one pot
transglycosylation reactions.[3] While optimization of the one-pot reaction shows promising
results for the synthesis of various nucleosides, the use of pentofuranosyl-1-phosphate as a
starting material offers a more suitable alternative for nucleosides with unfavorable
thermodynamic constraints. Different pentofuranosyl-1-phosphates were enzymatically
synthesized[4] and purified to test the difference in efficiencies between transgylcosylation
and direct glycosylation. 
Selected references 
[1] F. Kaspar, R.T. Giessmann, P. Neubauer, A. Wagner, M. Gimpel, Adv. Synth Catal. 2020, 362, 1.

[2] F. Kaspar, R.T. Giessmann, K. Hellendahl, P. Neubauer, A. Wagner, M. Gimpel, ChemBioChem 2020, 21, 1.

[3] H. Yehia, S. Westarp, V. Röhrs, F. Kaspar, R.T. Giessmann, H.F.T. Klare, K. Paulick, R. Neubauer, J. Kurreck, A. Wagner, Molecules
2020, 25, 934.

[4] S. Kamel, M. Weiß, H.F.T. Klare, I.A. Mikhailopulo, P. Neubauer, A. Wagner, Molecular Catalysis 2018, 458, 52.

219



I4 - Expanding the landscape of bioactive isomorphic fluorescent
nucleosides

1. Nucleoside Chemistry 
Yitzhak Tor1 
1 Department of Chemistry and Biochemistry, University of California, San Diego, 9500
Gilman Drive, La Jolla, California, 92093-0358, USA

Abstract
Nucleic acids experience diverse cellular perturbations. These may include hybridization
and dissociation, strand cleavage and ligation, conformational changes, base flipping,
excision and modification, as well as perturbations induced upon ligand binding and
aggregation into membrane-less cellular compartments. As such, nucleic acids attract
increasing attention as drug targets(e.g., bacterial rRNA or riboswitches as targets for
antibiotics) and as drugs(e.g., anti-sense, siRNA, mRNA or gRNA for disease-specific
vaccination or gene silencing/editing, respectively). Additionally, nucleosides
andnucleotides are involved in signaling, metabolic and regulatory processes and are viable
drug targets. Our research program aims to develop fluorescent nucleoside analogues that
facilitate the monitoring of nucleoside-, nucleotide- and nucleic acid-based transformations
at nucleoside/tide-“resolution”in real-time.

The main criteria directing the design of emissive nucleosides are to maintain the highest
possible structural similarity to the natural nucleobases, to shift the emission to long
wavelengths, to retain adequate emission quantum efficiency and, importantly, to display
sensitivity to the microenvironment. We define nucleosides that fulfill such critical
constraints as being isomorphic. To serve as effective probes, one (or all) of the analog’s
photophysical parameters must respond to microenvironmental changes. We described
such attributes as responsiveness. We have advanced several families of emissive
nucleosides, each with distinct levels of isomorphicity and responsiveness.

The lecture will articulate the fundamental challenges and will present the design, synthesis
and photophysical features of emissive nucleosides. Selected examples for their utilization
in "real-time" fluorescence-based discovery and biophysical assays will be given. 
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I5 - Fleximers – a strategic approach to broad-spectrum antiviral
therapeutics

1. Nucleoside Chemistry 
Kathie Seley-Radtke1 
1 University of Maryland, Baltimore County (UMBC); Department of Chemistry &
Biochemistry, 1000 Hilltop Circle, Baltimore, MD 21250 USA

Abstract: Over the past several decades nucleos(t)ides have maintained a prominent role
as one of the cornerstones of antiviral and anticancer therapeutics. As a result, numerous
approaches to nucleos(t)ide and nucleic acid drug design have been pursued. One such
approach involves adding flexibility to the sugar moieties of nucleos(t)ides, for example, in
the highly successful anti-HIV/HBV drug Tenofovir developed by Antonín Holý. In contrast,
introduction of flexibility to the nucleobase scaffold has only more recently gained
significance with the invention of our fleximers. This modification has led to a significant
improvements in antiviral activity, and in some cases endowing the nucleoside with potent
activity when the parent rigid nucleoside was inactive. Another advantage observed is the
ability to avoid resistance mechanisms related to point mutations by engaging secondary
amino acid residues not previously involved in the mechanism of action. A brief history of
their development, and recent (and unexpected!) antiviral findings for this innovative class
of nucleos(t)ides will be discussed.   
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I6 - Mechanisms of DNA Repeat Expansions: From Yeast to Human
Cells

1. Nucleoside Chemistry 
Sergei Mirkin1 
1 Tufts University

Abstract
The expansion of simple DNA repeats is implicated in more than fifty hereditary
neurological and neurodegenerative disorders in humans, including fragile X syndrome,
Huntington’s disease, myotonic dystrophy, Friedreich’s ataxia and others. Hundred copies
of the causative repeat can be added in just a few intergenerational transmissions. Thus,
understanding the unprecedented mechanisms responsible for large-scale repeat
expansions is extremely important from a scientific perspective and has broad biomedical
implications. My lab was the first to show that formation of non-B DNA structures by
expandable DNA repeats stall replication fork progression in vivo in every experimental
system studied, including bacterial, yeast and mammalian cells. This led us to propose the
replication model for repeat expansions, stipulating they occur while the replication fork
attempts to bypass those structures. To substantiate this hypothesis, we developed a
unique experimental system in a genetically tractable model organism, S. cerevisiae, which
allowed us to analyze large-scale repeat expansions. This system uncovered several
principal features of the repeat expansion process similar to the ones observed in human
pedigrees. First, the rate of repeat expansion increased exponentially with their lengths, - a
property that can account for the genetic anticipation observed in human pedigrees.
Second, repeat expansions in our system become evident, when the length of a repeat
exceeds the ~150 bp, very close to the repeat expansion threshold in humans. Third,
majority of genes involved in repeat expansions encode protein components of the
replication fork. These observations led us to propose several distinct mechanisms for
large-scale repeat expansions in yeast. Recently, we developed a novel experimental
system to study repeat expansions in cultured mammalian cells. This system allowed us to
observe, for the first time, large-scale expansions of (GAA)n repeats that occur in human
cells. Further, we found that the frequency of expansions depends on proteins implicated in
the replication fork stalling, reversal, and restart. Finally, agents that destabilize DNA
triplexes formed by (GAA)n repeats counteract their expansions. We conclude, therefore,
that large scale expansions in human cells are triggered by the replication fork stalling at
the triplex-forming repeat and accumulate during fork reversal and restart.  
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I7 - Reinventing Oligonucleotide Synthesis

1. Nucleoside Chemistry 
Phil S. Baran 

Abstract
While the notion of an "ideal synthesis” in the context of natural products was described as
early as the 1970s, the application of these same principles to the molecules of life remains
underexplored. To this end, critical evaluation of the strategies used in phosphorothioate
oligonucleotide synthesis reveals a persistent adherence to a reactive and useful standard
(phosphoramidite) but one that falls short of the ideality in terms of redox, step, and atom
economy. This discussion will highlight our efforts in the reinvestigation of oligonucleotide
construction with an eye toward challenging the lore of the field. 
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I8 - The emergence of RNA from heterogeneous prebiotic chemistry

1. Nucleoside Chemistry 
Jack Szostak1 
1 University of Chicago

Abstract
The prebiotic synthesis of the canonical ribonucleotides is likely to have been accompanied
by the synthesis of related nucleotides such as arabino, threo, and deoxy-nucleotides. We
have been interested in how modern RNA might have emerged from this primordial
heterogeneity. We have found that nonenzymatic template-directed primer extension with
activated ribonucleotides is generally more efficient that with other classes of nucleotides.
On the other hand, noncanonical nucleotides withing template strands can be copied over
to yield an RNA product. Our observations suggest that nonenzymatic copying served as a
chemical selection mechanism that allowed relatively homogeneous RNA to emerge from a
complex mixture of prebiotically synthesized nucleotides and oligonucleotides.  
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Exploring various aspects in the development of nucleic acid based
medicines for CNS disorders

2. Oligonucleotide Design And Chemistry 
Nanna Albæk1 
1 Roche Innovation Center Copenhagen

Abstract
The potential of Nucleic Acid Based Medicines (NABM) to treat severe diseases and make a
difference for patients has been improved during the last couple of years. New drugs are
being approved and the pipeline of promising drug candidates looks better than ever
before. 

The continuous scientific exploration and development of NABM is still needed in order to
develop new and innovative medicines. With the focus to invent new medicines for CNS
disorders, we have investigated different approaches with regards to optimized screening
models as well as modified nucleotide chemistries to enable the identification of promising
drug candidates with a pharmacological relevant therapeutic index.  

Using a calcium oscillation method in primary cortical neurons enabled us to investigate
the tolerability of a high number of different antisense oligonucleotides (ASOs). In a
thorough analysis we found a trend: The higher the number of guanine (G) nucleobases in
an ASO the lower the likelihood is for the ASO to be tolerated in the CNS system. 

With this finding we investigated different alternative nucleobases to replace the guanine
in order to enable improved CNS tolerability of guanine containing ASOs. We found that
when using 7-Deaza-8-aza-deoxy-guanosine instead of deoxy-guanosine we could identify
better tolerated ASOs and at the same time retain the in vitro potency in an RNaseH
cleavage assay when comparing the nucleobase modified and the unmodified ASO. 
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I9 - Recent Progress in the Development of Bridged Nucleic Acids –
Design, Synthesis and Properties of GuNA and BANA–

2. Oligonucleotide Design And Chemistry 
Satoshi Obika1, 2, 3 
1 Graduate School of Pharmaceutical Sciences, Osaka University
2 Institute for Open and Transdisciplinary Research Initiatives, Osaka University
3 National Institute of Biomedical Innovation, Health and Nutrition

In the late ‘90s, our group and Professor Wengel’s group independently developed the
nucleic acid derivative, 2’,4’-BNA or LNA. The conformation of the furanose ring of 2’,4’-
BNA/LNA is fixed to N-type. The hybridization ability of 2',4'-BNA/LNA to the target
sequence is greatly enhanced compared to natural DNA and RNA. 2’,4’-BNA/LNA is now
world widely used in many fields of science or technology.

Since the development of 2',4'-BNA/LNA, we have focused on design and synthesis of the
2',4'-BNA/LNA derivatives or other types of bridged nucleic acids to improve binding affinity
and specificity for target sequences, nuclease resistance, cellular uptake, biodistribution
and safety.

Guanidine bridged nucleic acid (GuNA) is a derivative of 2',4'-BNA/LNA with a cationic
guanidino group at the bridge site. Antisense oligonucleotides and anti-microRNAs
containing GuNA were found to exhibit different biological activities and biodistribution than
similar sequences containing 2',4'-BNA/LNA. In addition, interesting hybridization properties
have been observed depending on the type of substituent on the guanidino group of GuNA.

On the other hand, we have designed and synthesized other novel bridged nucleic acids.
One example is 1'-C,3'-O-bridged D-altritol nucleic acid (BANA), which are the bridged
derivatives of hexitol nucleic acid (HNA) or D-altritol nucleic acid (ANA). We recently
designed and synthesized BANA and found that the oligonucleotides containing BANA,
exhibited high nuclease resistance and good binding affinity to the target RNA.

Here, I would like to demonstrate the design, synthesis and properties of these bridged
nucleic acids. 
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I10 - Spatial architectures for therapeutic small interfering RNAs

2. Oligonucleotide Design And Chemistry 
Ivan Zlatev1 , Christopher Theile1, Ho-Chou Tu1, Haiyan Peng1, Hartmut Jahns1, June Qin1,
Rohan Degaonkar1, Swati Gupta1, Anna Bisbe1, Krishna Aluri1, Christopher Brown1, Scott
Lentini1, Adam Castoreno1, Jayaprakash Nair1, Klaus Charisse1, Vasant Jadhav1, Martin
Maier1, Muthiah Manoharan1 
1 Alnylam Pharmaceuticals, Inc., Cambridge, MA 02142, USA

Abstract
In 2018, over a decade after Fire and Mello were awarded the 2006 Nobel Prize for their
discovery of the RNAi pathway, Onpattro®, became the first RNAi therapeutic approved by
the FDA, and, as of today, a total of five small interfering RNAs (siRNAs) are approved for
clinical use, and numerous investigational RNAi therapeutics are advancing through human
clinical trials. The current clinical development pipeline is dominated by siRNAs conjugated
to the trivalent N-acetylgalactosamine (GalNAc) ligand which results in targeted delivery to
hepatocytes. These siRNAs are fully modified with 2′-deoxy-2′-fluoro (2′-F) and 2′-O-methyl
(2′-OMe) and strategically modified with phosphorothioate (PS) to confer stability.

Such chemical modifications of the nucleobases, ribose sugar, and phosphate backbone of
siRNAs conjugated to GalNAc are necessary to impart favorable pharmacological
properties. Alterations at the level of the three-dimensional structure of siRNAs have also
been explored, such as hairpin siRNAs, dumbbell-shaped nano-circular siRNAs, siRNA
nanosheets, branched siRNAs, caged circular siRNAs, circular single-strand RNAs that serve
as siRNA precursors, and circular siRNAs with reduced off-target effects.

In this presentation, we will share straightforward synthetic strategies for the preparation of
fully chemically modified small interfering RNAs with various spatial architectures, as well
as their evaluation for potency in vitro and in vivo. In addition, we have characterized the
metabolic stability of such siRNAs in the liver and in liver extracts and determined the
ability of their antisense strands to associate with Argonaute 2 (Ago2) in the liver after
subcutaneous administration in mice. 
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I11 - Use of the mesylphosphoramidate (MsPA) linkage to control
phosphorothioate (PS) content and improve the profile of antisense
oligonucleotides.

2. Oligonucleotide Design And Chemistry 
Eric Swayze1 
1 Ionis Pharmaceuticals

Abstract
The phosphorothioate (PS) modification enhances the biological stability and protein
binding properties of oligonucleotides, and is one of the most broadly used modifications in
oligonucleotide therapeutics. When utilized in a DNA context, it is also one of the very few
modifications that supports RNase H1 cleavage of the target RNA after binding. This makes
PS especially useful in RNase H1 activating 'gapmer' antisense oligonucleotides (ASOs)
which reduce RNA levels as their mechanism of action. However, the non-specific protein
binding properties of PS can lead to undesirable side effects and toxicities. We have
identified ASO designs employing the mesylphosphoramidate (MsPA) backbone which allow
reduction of PS content in ASOs which maintain or improve potency in reducing RNA targets
via RNase H1 cleavage. This allows control of PS content, which can improve the overall
profile of ASOs. Furthermore, the MsPA linkage increases biological stability, which allows
further tuning of stability and leads to increased duration of action in both mouse and non-
human primate. This work highlights the utility of MsPA linkages as a next generation
chemical platform for identifying ASO drugs with improved potency, therapeutic index, and
enhanced duration of effect. 

229



4. Oligonucleotide/Rna
Based Therapy

230



I12 - Crystallographic studies and modeling of RNA structure and
siRNA-protein interactions

4. Oligonucleotide/Rna Based Therapy 
Martin Egli1 
1 Department of Biochemistry, School of Medicine, Vanderbilt University, Nashville, TN
37232-0146, USA

The ribose 2′-hydroxyl is the key chemical difference between RNA and DNA and at the root
of their divergent structural and functional characteristics. Macromolecular X-ray
crystallography doesn’t reveal the positions of hydrogen atoms. Therefore, it cannot
determine 2′-OH orientation (H2′-C2′-O2′-HO2′ torsion) and its potential roles in sculpting
the RNA backbone and the expansive fold space. We used for the first time a combined
cryo-neutron/X-ray crystallographic approach (cryo-NC/XC) to analyze oligo-DNA and -RNA
structures (1,2). Joint-NC/XC affords a better understanding of nucleic acid conformation,
folding, function, water structure (including donor-acceptor patterns) and interactions with
proteins.

Nucleic acid modification affects pairing and chemical stability, conformation and
interactions with proteins that play roles in uptake, transport or target processing. The key
enzyme in RNA interference is Argonaute 2 (Ago2), a multidomain enzyme that binds
various regions of guide and passenger siRNAs. Unique structural features and protein
interactions with 5′-end (guide/Ago2 MID), seed region, central region (cleavage/Ago2 PIWI),
and 3′-terminal residues (guide/Ago2 PAZ) demand nuanced, regio-specific approaches in
the design of chemically modified siRNAs for therapeutic use. Examples of recent
modification strategies to mitigate off-target effects and improve pharmacology in vivo will
be discussed (3-9).

Selected references 
1. Harp et al. Nucleic Acids Res. 2021, 49:4782.
2. Harp et al. Nucleic Acids Res. 2022, 50:in press.
3. Egli & Manoharan, Acc. Chem. Res. 2019, 52:1036.
4. Akabane-Nakata et al. Nucleic Acids Res. 2021, 49:2435.
5. Jahns et al. Nucleic Acids Res. 2021, 49:10250.
6. Schlegel et al. Nucleic Acids Res. 2021, 49:10851
7. Jahns et al. Nucleic Acids Res. 2022, 50:1221
8. Schlegel et al. Nucleic Acids Res. 2022, 50:in press
9. Guenther et al. J. Am. Chem. Soc. 2022, 144:in press.
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I13 - Oligonucleotide based approaches to the treatment of chronic
hepatitis B

4. Oligonucleotide/Rna Based Therapy 
David Smith1 , Jin Hong1, Leonid Beigelman1 
1 Aligos Therapeutics, Inc. 

Abstract
Chronic Hepatitis B (CHB) affects ~300 million people worldwide with 1.5 million new
infections each year, and complications from infection with CHB are associated with an
annual global mortality rate of ~900,000. Functional cure of chronic Hepatitis B, which has
been associated with improved patient outcomes,  requires the complete elimination of
serum Hepatitis B virus surface antigen, which is not readily accomplished using the current
nucleoside-based or pegylated interferon standard of care. As part of our efforts to develop
a finite duration combination-based regimen to effect functional cure for this disease, we
have discovered and advanced multiple oligonucleotide agents with differing mechanisms
of action through discovery explorations, preclinical evaluations and into clinical
assessment. This presentation will review these efforts and highlight lessons learned as we
continue to pursue oligonucleotide-based combination approaches to achieving CHB
functional cure. 

232



I14 - Tricyclo-DNA: promising antisense oligonucleotides for the
treatment of neuromuscular diseases

4. Oligonucleotide/Rna Based Therapy 
Aurelie Goyenvalle1 
1 University of Versailles, UMR1179, Inserm-UVSQ

Antisense oligonucleotides (ASO) hold promise for therapeutic splice-switching correction in
many genetic diseases; however systemic use of ASOs is still limited due to poor
tissue/cellular uptake. This talk will describe the therapeutic potential of ASOs made of
tricyclo-DNA (tcDNA), which displays unique pharmacological properties and
unprecedented uptake in many tissues after systemic administration. These properties
have been demonstrated in different mouse models of genetic diseases such as Duchenne
muscular dystrophy (DMD) and Spinal muscular atrophy (SMA).  DMD is a neurogenetic
disease typically caused by frame-shifting deletions or nonsense mutations in the gene
encoding dystrophin and characterized by progressive muscle weakness, cardiomyopathy,
respiratory failure and neurocognitive impairment. While current naked ASOs do not
significantly enter the heart or cross the blood brain barrier, systemic delivery of tcDNA-
ASOs allow high levels of dystrophin rescue in skeletal muscles as well as in heart and to a
lower extent in the brain. Although initial results indicated an encouraging safety profile for
tcDNA-ASOs in mice, we showed a clear impact of phosphorothioate bonds (PS) on their
biodistribution, efficacy but also toxicity. Moreover our work on the human DMD exon 51
revealed a sequence-dependent toxicity of some PS-tcDNA-ASO candidates, which we
characterized and eliminated using a new detoxification method. Altogether, these findings
led us to develop a new generation of PS-free tcDNA-ASO, conjugated to a lipid, displaying
a much higher therapeutic index and safer toxicological profile. A clinical trial evaluating
this new generation of conjugated tcDNA-ASO is currently being prepared. 
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Chemical Engineering of Therapeutic siRNAs for CNS

5. Delivery And Targeting Of Nucleosides And Oligonucleotides 
Anastasia Khvorova1 
1 RNA Therapeutic Institute, Umass Chan Medical School

Abstract
Small interfering RNAs (siRNAs) are a new, state-of-the-art class of drugs, demonstrating
sequence-driven, potent, and sustained silencing of gene expression in vivo. Developing a
novel CNS-active divalent siRNA (Di-siRNA) configuration and lipophilic conjugates have
effectively opened RNAi-based therapeutics to neurological indications. Di-siRNA supports
potent, sustained gene silencing in mice and nonhuman primates' central nervous system
(CNS) following a single CSF injection. The enhanced accumulation and efficacy are partly
driven by substantially slower CSF clearance allowing bulk-flow-based access to deep brain
structures. In addition, the Di-siRNAs' chemical architecture and linker chemistry
profoundly impact functional efficacy, likely affecting endosomal escape rather than
primary accumulation.

Many genetically defined neurodegenerative disorders are dominant, and selective
modulation of the mutant allele is essential. Reiterative chemical engineering identified
compounds with >60-fold selectivity based on the single nucleotide difference. Stereo
constraining of the backbone next to the SNP site through the introduction of EVP ((E)-vinyl
phosphonate) backbone enhanced compounds selectivity to more than 1000x. The
optimized SNP-specific siRNAs enable highly selective silencing of mutant HTT protein in
human neurons and throughout the mouse brain with no effect on wild type at a wide range
of concentrations and accumulation levels, providing the first-ever demonstration of RNAi-
based allele-selective gene modulation in vivo. 

235



I15 - Membrane permeable Nucleotides for application in Medicinal
Chemistry and Chemical Biology

5. Delivery And Targeting Of Nucleosides And Oligonucleotides 
Chris Meier1 
1 Organic Chemistry, Faculty of Sciences, University of Hamburg, Hamburg, Germany

Nucleotides analogues have numerous applications the biomedical and biochemical field. A
variety of nucleoside analogues is clinically used in antiviral chemotherapy. Despite these
successes, often the antiviral potency of the nucleoside analogues is limited due to the lack
of intracellular phosphorylation into the triphosphorylated forms. The phosphorylated
nucleosides can not be used due to their high polarity. Lipophilic precursors of nucleotides
were developed, which pass the cell membrane and deliver the nucleotides intracellularly
(pronucleotides). In our work, d4TTP prodrugs with different aliphatic masking units were
synthesized via two routes based on phosphoramidite or H-phosphonate chemistry. Our
triphosphate delivery systems comprise either two enzymatically cleavable masking groups
attached to the γ-phosphate group or one biocleavable group and one non-cleavable alkyl
group or even two non-cleavable groups. Hydrolysis, enzymatic cleavage in CEM/0 cell
extract, primer extension assays and antiviral HIV tests will be discussed which proved the
successful delivery of NTPs or NDPs, respectively. 
Adenine nucleotides such as nicotinic acid adenine dinucleotide phosphate (NAADP) play
essential roles in signal transduction processes by acting intracellularly as second
messengers, e.g. in Ca2+ mobilisation. Cellular studies using polyphosphorylated second
messengers such as NAADP are very difficult to perform because of the high polarity of this
second messenger which prevents an uptake into living cells. The concept of using
bioreversible masking of nucleotides was also applied to this second messenger. 
This method of using bioreversible modification at the phosphate moieties will open up
unknown possibilities not only in Medicinal Chemistry but also in Chemical Biology. [1-4] 
Selected references 
1. Gollnest T, Dinis de Oliveira T, Schols D, Balzarini J, Meier C. Nat. Commun. 2015, 6, 8716 doi: 10.1038ncomms9716. 
2. Meier C. Antiviral Chem. Chemother. 2017, 1-14; 
3. Zhao C, Weber S, Schols D, Balzarini J, Meier C. Angew. Chem. Int. Ed. 2020, 59, 2-11.
4. Jia X, Schols D, Meier C.  J. Med. Chem. 2020, 63, 6003-027.
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I16 - Nanostructures for delivery of therapeutic oligonucleotides

5. Delivery And Targeting Of Nucleosides And Oligonucleotides 
Ramon Eritja1, 2 , Carme Fàbrega1, 2, Andreia F Jorge1, 2, Anna Aviñó1, 2, Anna Clua1, 2,
Natalia Navarro1, 2, Naroa Serna2, 3, Ugutz Unzueta2, 3, María Virtudes Céspedes2, 3, Isolda
Casanova2, 3, Esther Vázquez2, 4, Antonio Villaverde2, 4, Ramon Mangues2, 3 
1 Institute for Advanced Chemistry of Catalonia (IQAC-CSIC), Jordi Girona 18-26, E-08034
Barcelona, Spain
2 Networking Center on Bioengineering, Biomaterials and Nanomedicine (CIBER-BBN). 
3 Institut d'Investigacions Biomèdiques Sant Pau and Josep Carreras Resarch Institute,
Hospital de Santa Creu i Sant Pau, 08025 Barcelona, Spain
4 Institut de Biotecnologia i de Biomedicina, Departament de Genètica i de Microbiologia,
Universitat Autònoma de Barcelona, 08193, Bellaterra, Spain

Fluoropyrimidines, such as 5-fluorouracil (5-FU) and related prodrugs are considered one of
the most-successful agents in the treatment of colorectal cancer, yet poor specificity and
tumor cell resistance remain major limiting bottlenecks. In this work, we exploited the
ability of two DNA nanostructures, DNA tetrahedron (Td) and rectangle DNA origami, to
incorporate 5-fluoro-2’-deoxyuridine (FdUn) oligomers. DNA nanostructures bearing FdUn
revealed to be able to circumvent 5-FU low sensitivity of colorectal drug-resistant cancer
cells. Both DNA nanostructures attained comparable cytotoxic effect yet Td displays higher
antiproliferative action. DNA nanoscaffolds functionalized with FdUn exhibited an enhanced
cytotoxicity and higher ability to trigger apoptosis in colorectal cancer cells relative to
conventional 5-FU and FdU drugs, especially having cholesterol as internalization helper. In
addition, we will describe the preparation of a protein nanoparticle carrying FdUn oligomers
with high affinity for cancer stem cells preventing the formation of metastasis in mice. The
present work shows that DNA and protein nanoparticles are privileged carriers for
delivering fluoropyrimidines, opening new avenues to the development of promising
therapeutics for cancer treatment. 
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I17 - Nanopore sequencing reveals chromosome-specific telomere
lengths

6. Applications Of Nucleic Acids Beyond Therapy 
Samantha Sholes1 , Kayarash Karimian1, Ariel Gershman1, Brendan Cormack1, Thomas
Kelly2, Winston Timp1, Carol Greider1, 3 
1 Johns Hopkins University
2 Memorial Sloan Kettering Cancer Center
3 University of California Santa Cruz

Abstract
Maintaining telomere length equilibrium is essential for human health. Short telomeres lead
to age-related degenerative disease and long telomeres predispose to cancer (1).
Telomerase maintains telomeres around a defined equilibrium yet he mechanism that
regulates the equilibrium is not yet understood. The “protein counting” model for telomere
equilibrium length maintenance proposes that the amount telomere binding protein bound
to telomere repeats negatively regulates telomere elongation and short telomeres are
preferentially elongated (2). Yeast telomere length is usually measured by Southern blot
which reports on the average length of all ends. We developed a new method to study
yeast telomere length using long read Nanopore sequencing and found, surprisingly, that
each chromosome end has its own unique telomere length distribution (3). To determine
whether these end-specific lengths were maintained over many cell divisions, we grew cells
for 120 population doublings and isolated independent colonies. The end-specific lengths
were maintained, indicating a robust mechanism for maintaining the unique telomere
lengths. To determine whether this mechanism is conserved, we examined C. glabrata, and
again found end-specific telomere length. We are testing whether subtelomeric sequences,
TERRA RNA, or chromatin structure establish end specific lengths. Understanding the
mechanism of end-specific telomere lengths is crucial to understanding telomere length
regulation and its role in disease. 
Selected references 

1. McNally EJ et al. 2019. J Clin Invest 130: 3474.
2. Marcand S, et al. 1997. Science 275: 986.
3. Sholes SL et al. 2021 Genome Research 32:616
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I18 - A shape-shifting nuclease unravels structured RNA

7. Nucleic Acids: Structure, Recognition And Cleavage 
Katarina Meze1, 2 , Armend Axhemi1, Dennis Thomas1, Ahmet Doymaz1, Leemor Joshua-
Tor1, 3 
1 Cold Spring Harbor Laboratory
2 Cold Spring Harbor School of Biological Sciences
3 Howard Hughes Medical Institute

The enzyme Dis3-like protein 2 (Dis3L2) is a 3’-5’ exoribonuclease that, through its RNA
turnover activity, plays a critical role in human development. Dis3L2 can independently
degrade structured substrates and its targets include many coding and non-coding 3’-
uridylated RNAs. The first reported physiological substrates of Dis3L2 were the uridylated
precursors of let-7 microRNAs which play an important role in stem-cell differentiation by
silencing growth and proliferation genes such as HMGA2, MYC and Ras. Many other non-
coding RNA targets have since been reported, including other miRNAs, tRNA fragments,
snRNA, the intermediate of 5.8S ribosomal RNA processing 7SB, the long non-coding RNA
RMRP, and the 7SL component of the ribonucleoprotein signal recognition particle required
for ER-targeted translation. We have previously determined the basis for Dis3L2’s substrate
recognition, but the mechanism of structured RNA degradation by this family of enzymes is
unknown. We characterized the discrete steps of the degradation cycle by determining
electron cryo-microscopy structures representing snapshots along the RNA turnover
pathway and measuring kinetic parameters for single-stranded and double-stranded RNA
processing. We discovered a dramatic conformational change that is triggered by the
dsRNA, involving repositioning of two cold shock domains by 70 Å. This movement exposes
a trihelix-linker region, which acts as a wedge to separate the two RNA strands.
Furthermore, we show that the trihelix linker is critical for dsRNA, but not ssRNA,
degradation. These findings reveal the conformational plasticity of this enzyme, and detail a
novel mechanism of structured RNA degradation. 

241



I19 - RNA structural changes regulate function by NMR

7. Nucleic Acids: Structure, Recognition And Cleavage 
Katja Petzold1 , The entire PetzoldLab1 
1 Dept. Medical Biochemistry and Biophysics, Karolinska Institute

Abstract
Many functions of RNA depend on rearrangements in secondary structure that are triggered
by external factors, such as protein or small molecule binding. These transitions can feature
on one hand localized structural changes in base-pairs or can be presented by a change in
chemical identity of e.g. a nucleo-base tautomer. We use and develop R1ρ-relaxation-
dispersion NMR methods for characterizing transient structures of RNA that exist in low
abundance (populations <10%) and that are sampled on timescales spanning three orders
of magnitude (µs to s) (ChemBioChem 2019, Chemistry 2018).

The characterization of three different types of transient structures is going to be
presented. 1) The HIV-1 dimerization initiation site (DIS) undergoes large secondary
structure rearrangements that provide the basis for a molecular zipper, which can be
crucial for genome packaging (Nature 2012). 2) The GU wobble base-pair undergoes a
change from standard wobble GU geometry to appear like a Watson-Crick base-pair
stabilized by Keto-Enol tautomerization (Nature 2015). 3) a microRNA – mRNA complex
changes conformation to activate the RISC complex (Nature 2020). I will furthermore give
an outlook on recent efforts to measure in-cell NMR of nucleic acids in functional
complexes.

www.petzoldlab.com
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